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stabilization  components  turned  off  (AFCS  off),  the  encumbered  M0PP4-  uniform 
was  associated  with  reduced  (p<0.05)  averaged  composite  scores  (ACS)  for 
five  (HOV,  HOVT,  RSRT,  SL,  and  contour)  of  eight  (62.5  percent)  maneuvers. 
ACS  values  were  significantly  lower  for  5  of  29  (17.2  percent)  separately 
scored  flight  systems  parameters.  The  hot  temperature  condition,  as  a  main 
effect,  reduced  the  ACS  for  only  one  (RSRT)  of  eight  maneuvers.  For  the 
iterations  of  the  maneuvers  flown  with  AFCS  on,  the  encumbered  M0PP4 
ensemble  was  associated  with  significantly  lower  ACS  for  3  (HOV,  HOVT,  and 
contour)  of  8  (37.5  percent)  maneuvers  and  5  of  the  29  (  17.2  percent) 
separately  scored  flight  parameters.  With  AFCS  off,  the  encumbered  M0PP4 
uniform  significantly  degraded  the  composite  ACS  for  2  (SL  and  LOT)  (50 
percent)  of  4  maneuvers  (SL,  RSRT,  LCT,  and  LOT)  comprising  the  set  of 
standard  maneuvers  that  were  alternately  flown  with  AFCS  off  and  5  of  17 
(29.4  percent)  separately  scored  flight  parameters.  The  hot  temperature  was 
associated  with  reduced  composite  ACS  values  for  two  (RSRT  and  LCT)  of  the 
four  flight  maneuvers.  The  encumbered  MOPP4  uniform  had  the  most  frequent 
adverse  effect  on  flight  performance  followed  by  heat  stress  with  less 
frequent  effects  from  the  combination  or  interaction  of  these  two  factors. 
There  were  no  statistically  significant  increases  in  simulator  crashes,  main 
rotor  or  stabilator  strikes,  or  other  recorded  incidents  for  the  hot  or 
encumbered  MOPP4  conditions .  Flight  parameter  scores  were  more  sensitive  in 
detecting  differences  in  simulator  performance  across  test  conditions  than 
root  mean  square  errors  or  maximum  and  minimum  deviations  from  target 
performance  values.  This  study  confirmed  that  heat  stress  and  wearing  an 
encumbered  U.S,  Army  MOPP4  flight  uniform  significantly  reduced  endurance 
and  flight  performance  in  a  UH-60  simulator. 
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Introduction 


During  hot  weather,  aviators  are  often  exposed  to  substantial  heat  stress  outdoors 
during  preflight  duties  and  while  flying  unair-conditioned  aircraft.  The  environmental 
components  of  heat  stress  include  ambient  temperature,  humidity,  wind  speed,  and 
radiant  heat  load.  Such  measures  can  be  combined  into  a  single  indicator  such  as  the 
wet  bulb  globe  temperature  (WBGT).  The  WBGT  is  a  weighted  sum  of  three 
temperatures:  (0.7  x  naturally  convected  wet  bulb  temperature)  +  (0.2  x  black  globe 
temperature)  +  (0.1  x  shaded  dry  bulb  temperature). 

The  wet  bulb  temperature  accounts  for  the  effects  of  humidity  and  wind  on  heat 
stress.  The  black  globe  accounts  for  radiant  heat  loads  from  solar  and  other  sources, 
and  the  shaded  dry  bulb  accounts  for  the  intrinsic  thermal  content  of  the  ambient  air. 
The  coefficients,  or  weights,  in  the  WBGT  formula  above,  determine  the  relative 
contribution  of  the  environmental  components  represented  by  the  three  methods  of 
temperature  measurement  to  heat  stress  for  humans.  One  of  the  most  useful  aspects 
of  the  WBGT  is  that  the  different  combinations  of  wet  bulb,  dry  bulb,  and  black  globe 
temperatures  resulting  in  identical  WBGT  values  define  conditions  of  equivalent  heat 
stress.  A  local  ambient  WBGT  is  a  relatively  good  predictor  of  physiological  heat  strain 
and  probability  of  heat  illness  except  when  very  occlusive,  impermeable  clothing  or 
overgarments  are  worn.  In  the  latter  situation,  a  significant  disparity  can  develop 
between  the  WBGT  in  the  microclimate  of  the  highly  saturated  air  layer  between  the 
skin  and  inner  layer  of  clothing  (usually  not  measured)  and  the  ambient  WBGT. 

Numerous  field  studies  have  confirmed  the  frequent  occurrence  of  very  elevated 
cockpit  temperatures  in  helicopters  exposed  to  hot  weather  conditions.  Breckenridge 
and  Levell  (1970)  documented  WBGTs  greater  than  104°F  and  dry  bulb  air 
temperatures  up  to  132°F  in  the  closed  cockpit  of  a  stationary  AH-1 G  attack  helicopter 
parked  in  the  direct  sun  during  summertime  at  a  military  facility  in  Georgia.  Froom  et  al. 
(1991)  showed  that  during  standby  for  takeoff,  cockpit  WBGT  in  a  Bell  212  helicopter 
initially  was  2.9  ±  3.7°C,  and  after  1  hour  7.2  ±  3.5°C,  higher  than  ambient  WBGT.  In  a 
study  by  Thornton  and  Guardian!  (1992),  WBGTs  in  the  cockpit  of  a  hovering  UH-60 
transport  helicopter  with  doors  and  windows  closed  during  summertime  were 
approximately  5°C  higher  than  airfield  WBGTs  (approximate  range:  28-35°C  or  82.5- 
95°F).  In  contrast,  cockpit  and  airfield  WBGTs  did  not  differ  much  during  contour  flight. 

These  data  are  of  great  concern  because  U.S.  Army  aviators  frequently  train  or 
deploy  to  areas  in  the  United  States  or  overseas  with  very  hot  summer  climates  and 
intense  solar  radiation.  Furthermore,  operational  requirements  in  such  locations  may 
necessitate  that  pilots  don  overgarments  and  personal  survival  components  to  protect 
against  ballistic,  chemical,  or  biological  (CB)  threats.  Additionally,  during  aviation 
operations  in  CB  threat  scenarios  pilots  may  also  need  to  fly  with  closed  aircraft  doors 
and  windows  in  order  to  minimize  ingress  of  potentially  lethal  CB  warfare  agents  into 
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the  aircraft  cabin.  In  hot  weather  conditions,  or  in  moderate  temperature  conditions 
with  high  humidity  or  intense  solar  load,  a  closed  unair-conditioned  helicopter  cockpit 
will  result  in  heat  stress  even  if  crewmembers  wear  unencumbered,  light  weight, 
standard  issue  flight  uniforms.  The  addition  of  relatively  occlusive  and  cumbersome 
overgarments  and  protective  equipment  will  additively  or  synergistically  exacerbate  the 
ambient  heat  stress.  There  are  multiple  potential  sources  of  heat  stress  within 
helicopter  cockpits  including  heat  transfer  into  the  cockpit  from  the  external 
environmental  and  direct  solar  radiation,  increased  cockpit  air  temperature  from  the 
greenhouse  effect,  as  well  as  intrinsic  conduction  and  radiation  of  heat  from  internal 
thermal  sources  such  as  engines,  auxiliary  power  units,  and  various  electronic  systems. 

In  general,  heat  stress  induces  many  complex  and  interrelated  compensatory 
physiological  and  biochemical  thermoregulatory  changes,  or  adaptations,  which  are 
collectively  termed  heat  strain  (Wyndham,  1973).  Although  the  adverse  performance 
effects  of  mild  to  moderate  heat  stress  in  laboratory  studies  and  field  evaluations  have 
often  been  relatively  small  and  their  operational  significance  not  well  defined,  it  is 
common  knowledge  that  incapacitating  heat  illness  will  occur  if  thermal  stress  is 
sufficiently  intense  or  the  exposure  excessively  prolonged.  Obviously,  inflight  heat 
exhaustion  and  heat  stroke  are  emergencies  that  will  result  either  in  a  crash  for  a  single 
pilot  aircraft,  or  require  an  immediate  landing  or  diversion  of  missions  to  the  nearest 
medical  unit  for  a  two  pilot  aircraft.  Heat  stress  is  a  ubiquitous  and  potentially  serious 
threat  that  should  not  be  underestimated  by  aircrews.  Since  pilots  are  frequently 
responsible  for  the  lives  of  many  passengers  during  a  mission,  it  is  incumbent  on  them 
and  aviation  unit  leaders  to  minimize  the  risk  of  heat  stress  related  impairment  of 
aircrew  health  and  performance. 

General  effects  of  heat  stress  on  task  performance 

There  are  a  multitude  of  references  in  literature  on  the  effects  of  heat  stress  on 
various  types  of  performance.  Most,  however,  have  reported  results  only  for  relatively 
simple  mental,  cognitive,  or  other  perceptual  tests,  time  estimation,  reaction  time, 
tracking,  and  vigilance.  Some  papers  have  presented  results  of  more  complex  real- 
world  tasks  such  as  operating  vehicles.  The  relationships  between  performance  on 
simple  tasks  and  highly  complex  tasks  such  as  piloting  military  helicopters  have  not 
been  well  defined  or  validated.  Furthermore,  results  from  different  studies  have 
frequently  been  contradictory  or  of  questionable  significance  because  of  the  occurrence 
of  relatively  small  performance  differences  across  the  different  levels  of  the  principal 
factors  (which  frequently  were  not  well  controlled). 

In  a  review  of  reports  published  between  1979  and  1991,  Ramsey  (1995)  elucidated 
a  number  of  potential  reasons  for  variance  in  findings  across  different  heat  stress  and 
performance  studies.  In  most  of  the  reported  studies,  many  potential  confounders  were 
not  controlled  for,  nor  were  sufficient  data  collected  on  them  to  allow  adjustment  for 
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their  effects  during  statistical  analysis.  Some  of  the  potential  confounders  listed  by 
Ramsey  include:  core  temperature,  effects  of  task  variations,  extent  of  acclimatization, 
state  of  mental  acuity  and  interest,  amount  of  previous  training  and  skill  levels,  type  of 
clothing,  variations  in  work  load,  comfort,  and  cumulative  stress  load. 

The  principal  conclusions  regarding  the  effects  of  heat  stress  exposure  on  task 
performance  In  the  review  by  Ramsey  were  that  mental  and  simple  motor  tasks  are  not 
affected  much  by  heat  stress,  whereas  performance  on  more  complex  psychomotor 
tasks  becomes  adversely  affected,  in  a  statistically  significant  sense,  when  ambient 
WBGTs  reach  or  exceed  the  30-33°C  (86-91. 4°F)  range.  Many  studies  have  indicated 
performance  decrements  occurring  soon  after  exposure  to  intense  heat  stress 
conditions  even  before  core  temperature  had  time  to  rise  significantly.  This  indicates 
that  heat  stress  intensity,  as  well  as  duration  of  exposure,  interact  to  impact  negatively 
on  task  performance.  Ramsey  points  out,  however,  that  few  studies  determined 
whether  there  was  an  association  between  statistically  significant  decrements  in 
performance  found  in  laboratory  studies  and  operationally  significant  performance 
decrements  that  would  affect  mission  accomplishment,  safety,  or  accident  rates. 

Ramsey’s  meta-analysis  did  not  lead  to  any  quantitative  description  of  the 
relationship  between  the  severity  of  heat  stress  and  degree  of  performance 
decrements.  However,  Berglund  et  al.  (1990),  provide  an  example  of  a  model  based  on 
data  from  a  British  Navy  study  that  evaluated  the  effects  of  heat  stress  on  error  rates  for 
decoding  Morse  code.  That  quantitative  model  indicated  a  subjective  thermoneutral  air 
temperature  of  25°C  (77°F).  At  greater  air  temperatures,  it  predicted  a  linear  increase 
in  thermal  discomfort  ratings.  Similarly,  decoding  error  rates  were  predicted  to  increase 
in  a  near-linear  manner  above  26°C  (78.8'’F). 

Kobrick  and  Johnson  (1992)  also  presented  a  review  of  the  literature  on  the  effects  of 
heat  stress  and  performance  that  included  many  references  published  prior  to  1979. 
Although  this  review  also  revealed  some  conflicting  results  between  studies  evaluating 
similar  tasks  under  similar  conditions,  as  conditions  became  more  thermally  stressful, 
results  became  more  consistent.  At  higher  levels  of  thermal  stress,  decrements  in 
visual  and  auditory  vigilance,  marksmanship,  pointer  alignment,  manual  tracking,  5- 
choice  task,  and  short  term  memory  became  apparent. 

Hancock  (1982)  presented  a  graphical  depiction  of  the  amount  of  core  temperature 
elevation  (as  a  function  of  effective  temperature  and  exposure  time)  required  to  cause 
significant  decrements  in  performance  for  three  different  task  categories  (dual  task, 
tracking,  and  mental).  His  analysis  indicated  that  core  temperature  increases  of  only 
0.4°F,  1.6°F,  and  3.0°F  would  be  sufficient  to  cause  observable  decrements  in  dual 
task  performance,  tracking,  and  mental  tasks,  respectively.  The  hotter  the  ambient 
conditions,  the  sooner  these  core  temperature  thresholds  and  associated  performance 
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decrements  become  apparent.  The  task  performance  was  affected  according  to  their 
degree  of  response  complexity. 

It  has  been  generally  recognized  that  a  higher  level  of  skill  in  performing  a  complex 
task  is  partially  protective  against  heat  stress  induced  performance  decrements.  This  is 
probably  because  the  more  a  task  is  practiced,  ingrained,  and  understood,  the  less  the 
implicit  response  complexity.  Requirements  for  intense  concentration  on  the  various 
aspects  of  a  task  and  the  need  for  continuous  real-time  cognitive  decision  making 
regarding  the  details  of  the  task  are  diminished  with  increasing  skill.  Therefore,  greater 
skill  with  a  particular  task  effectively  reduces  the  task  difficulty  and  makes  it  less 
susceptible  to  the  effects  of  heat  stress. 

Effects  of  CB  protective  ensembles  on  performance 

MOPP  is  a  military  acronym  for  mission  oriented  protective  posture.  It  is  associated 
with  four  levels  of  increasing  personal  protection  against  CB  threats.  Commanders 
designate  what  MOPP  level  is  appropriate  for  their  units  based  primarily  on  estimates 
obtained  from  intelligence  sources  on  the  nature  and  immediacy  of  CB  threats.  MOPP 
components  include  a  CB  absorbent  overgarment,  CB  mask,  and  impermeable  hood, 
gloves,  and  boots.  All  of  these  components  are  worn  simultaneously  for  level  four 
MOPP  (MOPP4)  CB  protection.  Although  there  has  been  a  continuous  but  slow 
evolution  in  the  design  and  biophysical  properties  of  MOPP4  components,  complete 
MOPP4  ensembles  are  still  bulky,  encumbering,  and  prevent  efficient  thermoregulation. 

Taylor  and  Orlansky  (1993),  after  an  extensive  review  of  the  literature,  provided  a 
comprehensive  summary  of  the  effects  of  MOPP4  on  individual  and  unit  performance. 
On  an  individual  basis,  CB  masks  typically  impair  vision,  auditory  acuity,  and  speech 
transmission.  Visual  difficulties  while  wearing  CB  masks  may  contribute  to  longer  scan 
times  and  more  difficult  tracking  when  engaged  in  target  search  and  track  activities.  CB 
masks  also  increase  the  work  of  breathing,  respiratory  function,  and  can  elicit  anxiety, 
claustrophobic  reactions,  and  hyperventilation  (Muza  et  al.,  1995).  The  butyl  rubber 
gloves  have  been  associated,  in  laboratory  tests,  with  significantly  increased  completion 
times  for  manual  dexterity  tasks.  Lussier  and  Fallesen  (1987)  showed  that  MOPP4 
caused  an  8  percent  performance  decrement  on  1 1  computer  keyboard  tasks.  Task 
training  or  practice  while  in  MOPP4  can  reduce  some  of  its  adverse  effects  on 
performance. 
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United  States  Army  Aeromedical  Research  Laboratory  (USAARL)  evaluations  of 
heat  stress,  CB  ensembles,  and  flight  performance 

Hamilton  et  al.  (1982)  performed  a  study  to  delineate  the  effects  of  three  different 
aviator  ensembles  on  UH-1  flight  performance  during  hot  weather  conditions.  The 
uniforms  tested  included  what  was  then  the  standard  aircrew  battle  dress  uniform 
(ABDU)  MOPPO  and  MOPP4  U.S.  Army  aviator  uniforms  and  a  British  MOPP4  flight 
ensemble.  Six  volunteer  UH-1  pilots  participated  in  the  repeated  measures,  fully 
counterbalanced,  study  design.  However,  due  to  aircraft  problems,  data  for  only  four 
pilots  were  available  for  analysis.  Three  types  of  maneuvers  were  flown:  straight  and 
level,  lateral  hover  with  hover  turns  at  specified  locations,  and  a  50-  foot  hover. 

Analysis  of  error  data  for  the  measured  parameters  did  not  reveal  significant  flight 
performance  differences  between  the  three  different  uniforms. 

Knox  et  al.  (1983)  recruited  eight  aviators  to  compare  the  physiological, 
psychological,  and  flight  performance  effects  of  aviators  wearing  either  a  standard 
ABDU  MOPPO  flight  uniform  or  a  MOPP4  ensemble.  Inflight  testing  was  performed  in  a 
UH-1  helicopter  during  hot  summer  weather.  Comparisons  of  root  mean  squared 
(RMS)  flight  performance  errors  for  the  standard  uniform  and  nuclear,  biological  and 
chemical  (NBC)  ensemble  are  summarized  in  table  1  below. 


Table  1. 

Flight  performance  RMS  errors  (Knox  et  al.,  1983). 


Performance  Parameter 

Standard  Fliaht  Uniform 

NBC  Ensemble 

Heading  error  (degrees) 

1.63 

2.02 

Airspeed  error  (knots) 

1.83 

2.19 

Time  to  complete  maneuvers  error  (secs) 

0.93 

1.08 

Straight  flight  heading  error  (degrees) 

1.47 

1.58 

Straight  flight  airspeed  error  (knots) 

1.27 

1.86 

None  of  the  differences  in  RMS  errors  across  type  of  flight  uniform  reached  statistical 
significance  at  the  p^  0.05  level.  However,  there  did  seem  to  be  a  trend  (6/8  test 
subjects)  for  somewhat  worse  performance  for  the  MOPP4  ensemble.  Again,  the 
statistical  power  available  in  the  analysis  was  not  discussed.  As  in  Hamilton’s  study, 
there  also  was  no  test  to  determine  whether  the  distribution  profile  of  environmental 
conditions  for  test  iterations  were  statistically  different  across  the  two  different  uniforms. 
Inflight  turbulence,  which  was  not  estimated,  could  have  been  a  source  of  increased 
variance  in  flight  performance  that  obscured  main  effects.  Unmeasured  variations  in 
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ambient  and  cockpit  temperatures,  humidity,  and  solar  load  could  also  have  contributed 
to  variance  in  the  measures.  An  experimental  design  was  required  where  these 
potentially  obfuscating  sources  of  variance  in  flight  performance  could  either  be 
eliminated  or  controlled. 

Thornton  et  al.  (1992)  completed  a  comparative  evaluation  of  flight  performance  in 
the  USAARL  UH-60  simulator  for  two  flight  uniforms  in  two  carefully  controlled 
environmental  conditions.  The  uniforms  were  a  standard  one-piece  U.S.  Army  MOPPO 
flight  uniform  versus  a  MOPP4  aircrew  uniform  integrated  battlefield  (AUIB)  ensemble 
encumbered  with  ballistic  plate  and  various  ancillary  items  of  personal  survival 
equipment.  Cockpit  WBGT  in  the  UH-60  simulator  was  17.9°C  (64.2°F)  for  the  cool,  or 
baseline,  condition  and  30.6°C  (87.1  °F)  for  the  hot  condition.  Flight  performance  data 
revealed  significant  differences  across  the  four  test  conditions  for  46  percent  of  the 
combinations  of  measured  navigational  parameters  and  maneuver  type.  The  most 
consistent  statistically  significant  differences  in  flight  parameter  RMS  errors  across  the 
test  conditions  occurred  for  heading,  vertical  speed,  rate  of  turn,  airspeed,  roll  and 
altitude,  in  that  order.  Differences  in  RMS  slip  errors  were  not  consistent  across  the 
four  test  conditions.  Maximum  RMS  errors  for  heading  and  altitude  were  significantly 
greater  for  the  MOPP4  AUlB-hot  condition.  Disconnecting  the  trim  and  flight 
stabilization  components  of  the  automatic  flight  control  system  had  an  independent 
effect  of  increasing  flight  parameter  errors,  except  for  roll  error,  which  was  paradoxically 
reduced. 

The  main  effect  of  heat  stress  for  the  aviators  wearing  the  MOPP4  AUIB  was  a 
statistically  significant  increase  in  RMS  error  for  some  flight  performance  parameters. 

In  an  absolute  sense,  however,  the  RMS  errors  were  not  very  large.  It  was  proposed 
that  maximum,  rather  than  RMS,  flight  parameter  error  might  be  a  more  accurate 
predictor  of  operationally  significant  decrements  in  flight  performance  such  as  those 
(e.g.,  infrequent  but  large  altitude  deviations)  that  could  directly  lead  to  aircraft 
accidents  (e.g.,  crashing  into  terrain  or  obstacles).  This  line  of  reasoning  was 
reinforced  when  significant  flight  incidents  were  tabulated  and  analyzed.  Seven 
crashes  occurred  during  the  UH-60  simulator  sessions.  These  were  primarily  due  to 
the  aviators  flying  into  terrain  or  trees.  Six  of  the  seven  accidents  occurred  while 
wearing  the  MOPP4  AUIB  ensemble.  Four  of  those  occurred  in  the  hot  condition  and 
two  in  the  cool  condition. 

Current  U.S.  Army  aviator  ensembles  include  the  two-piece  ABDU,  as  well  as  the 
battle  dress  overgarment  (BDO).  The  BDO  Is  worn  over  the  ABDU  to  protect  against 
CB  warfare  threats.  In  an  encumbered  configuration,  an  aviation  life  support  equipment 
(ALSE)  vest,  a  laminated  ballistic  protection  plate,  and  overwater  personal  floatation 
devices  are  also  worn  over  the  BDO.  Previously  reported  physiological  results  from  this 
study  conclusively  showed  that,  in  hot  conditions,  the  bulky  encumbered  MOPP4 
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ensemble  is  uncomfortable  and  significantly  impairs  thermoregulation  and  heat 
dissipation  (Reardon  etal.,  1996). 

Reardon  et  al.  (1996)  describes  the  effects  of  cockpit  heat  stress  and  the  two  flight 
ensembles  (the  unencumbered  MOPPO  ABDU  and  encumbered  MOPP4  BDO  over 
ABDU)  on  UH-60  simulator  flight  performance  and  workload  ratings.  The  study  was 
conducted  between  25  March  -  2  August  1996  to  fulfill  collaborative  U.S.  Army  Aviation 
and  Troop  Command  (ATCOM)-USAARL  objectives  in  a  governing  statement  of  work 
(SOW,  USAARL,  1995).  The  primary  objectives  of  the  study  were: 

1 .  Develop  and  test  a  general  methodology  for  evaluating  the  extent  to  which 
aviator  ensembles  contribute  to  heat  strain  and  affect  flight  performance, 
mission  accomplishment,  endurance,  and  mood  states  in  hot  versus 
temperate  UH-60  simulator  cockpit  conditions. 

2.  Establish  a  baseline  heat  stress  effects  profile  for  current  unencumbered  and 
encumbered  aviator  ensembles  against  which  future  enhanced  versions  of 
those  ensembles  may  be  compared  as  they  are  developed  under  the  aegis  of 
the  Air  Warrior  Program  Manager,  Aircrew  Integrated  Systems,  ATCOM,  St. 
Louis,  MO. 


Methods  and  procedures 
Study  design 

This  study  utilized  military  helicopter  pilots  in  a  two-by-two  factorial,  repeated 
measures,  partially  counterbalanced,  unblinded  experimental  design  to  evaluate  the 
direct  and  interaction  effects  of  two  types  of  current  aviator  uniform  (unencumbered 
MOPPO  ABDU  vs.  encumbered  MOPP4  over  ABDU)  and  two  cockpit  thermal 
conditions  (cool  vs.  hot)  on  flight  performance  in  a  UH-60  simulator,  performance  on  a 
computerized  multi-task  test,  and  work  load  ratings.  Flight  performance  data  were 
obtained  from  nine  different  pilots  and  performance  data  for  the  multi-task  computer 
test  were  obtained  from  a  different  set  of  eight  pilots.  Work  load  ratings  were  obtained 
from  all  the  pilots. 


Environmental  conditions 

The  cool  simulator  condition  consisted  of  a  dry  bulb  temperature  (Tj,b)  of  70°F 
(21 .1  °C)  and  50  percent  relative  humidity  (RH).  The  hot  condition  utilized  a  T^b  of 
100°F(37.8°C)  and  50  percent  RH.  The  V^GT  values  for  the  two  conditions  in  the 
simulator  Included  the  effects  of  radiant  energy  emitted  by  three  sets  of  heat  lamps 
situated  above  each  pilot’s  helmet.  The  two  banks  of  three  heat  lamps  each,  located  in 
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the  simulator  ceiling  above  each  pilot’s  seat,  were  set  at  50  percent  maximum  output 
(see  appendix  J  for  the  heat  lamp’s  spectral  output).  Conditions  in  the  environmental 
chamber  during  the  20-minute  simulated  preflights  had  the  same  temperature  settings 
but  lower  relative  humidity  (20  percent).  It  was  not  feasible  to  install  heat  lamps  in  the 
environmental  chamber.  Humidity  in  the  UH-60  simulator  was  set  at  a  higher  value  to 
emulate  the  increase  in  humidity  that  occurs  when  doors  and  windows  are  closed  in  an 
actual  UH-60  in  similar  ambient  environmental  conditions. 

Flight  uniforms 

Table  2  lists  the  components  of  the  two  aviator  ensembles  utilized  in  this  study,  and 
is  followed  by  figure  1 ,  which  depicts  test  subjects  wearing  the  encumbered  MOPP4 
BDO  over  ABDU  ensemble. 


Table  2. 

Air  Warrior  heat  stress  study  aviator  ensembles. 


ITEMS 

Unencumbered 
MOPPO  ABDU 

Encumbered 
MOPP4  BDO 
over  ABDU 

HGU-56P 

X 

X 

ABDU 

X 

X 

Combat  boots 

X 

X 

Flight  gloves  (summer  light) 

X 

X 

Kneeboard 

X 

X 

SARVIP  vest  with  mod 

X 

X 

SARVIP  0.50  cal  armor 

X 

SARVIP  packs 

X 

M43A1  CBMask 

X 

BDO 

X 

PRC-11 2A  survival  radio 

X 

LPU-21  a/p  water  wings 

X 

LRU-1 8P  ran 

X 

SRU-37/P  container  (ran) 

X 

HEED 

X 
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USAARL  environmental 


Figure  1 .  Photos  of  the  aviator  uniform  components. 
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UH-60  helicopter  simulator 


The  USAARL  UH-60  research  simulator  was  used  for  obtaining  flight  performance 
measurements.  Its  hydraulic  motion  base  provides  6  degrees  freedom  of  motion 
allowing  for  acceleration  cues  in  the  lateral,  longitudinal,  vertical  directions  and  allowing 
pitch,  roll,  and  yaw  over  a  60  degree  range.  The  simulator  has  a  three-channel,  four- 
window,  digital  image  generator  (DIG).  Using  digitized  terrain  map  data,  the  DIG 
continuously  generates  three  separate,  but  synchronized,  out-the-cockpit  video  scenes 
displayed  by  four  cathode  ray  tube  (CRT)  units.  The  forward  scenery  is  displayed  by 
the  CRT  in  each  of  the  front  windscreens  while  the  left  and  right  scenery  are  transmitted 
to  the  CRT  for  their  respective  cockpit  window. 

The  UH-60  research  simulator  is  equipped  with  an  environmental  control  unit  (ECU) 
that  maintains  specified  target  dry  bulb  temperature  and  RH  in  the  cockpit  during  the 
study.  The  ECU  is  capable  of  controlling  cockpit  conditions  within  a  range  of  68-105  °F 
(±  3  °F)  and  50-90  percent  RH  (±  3  percent). 

The  flight  instruments  and  controls  in  the  UH-60  simulator  were  directly  linked  to  a 
real-time  data  acquisition  system  controlled  by  a  Digital  Equipment  Corporation  (DEC) 
VAX  11/780  computer^*.  This  128  channel,  automated  data  acquisition  system 
continuously  captured  flight  performance  data  at  a  30  hertz  (Hz)  sampling  rate 
(USAARL,  HAWK  Manual,  1991).  The  system  continuously  recorded  cockpit 
instrument  data  such  as  airspeed,  altitude,  roll,  pitch,  and  slip.  Cyclic  and  collective 
inputs  during  hover  and  hover  turn  maneuvers  were  also  automatically  recorded  at  a  10 
Hz  sampling  rate.  These  flight  data  were  stored  on  magnetic  media  linked  to  a  DEC- 
VAX  computer  system.  The  data  were  then  downloaded  and  analyzed  with 
spreadsheet  (EXCEL-Microsoft  Office  Professional)*,  graphing,  and  statistical  software 
(SPSS  and  Statistica)  on  desktop  computers. 

An  additional  computer-based  data  acquisition  system  was  also  installed  in  the 
simulator  to  provide  16  additional  input  data  channels  to  record  physiological  data  from 
the  aviator  test  subjects.  This  supplementary  data  acquisition  system  permitted 
continuous  monitoring  of  test  subject  physiological  responses  to  ensure  compliance 
with  core  temperature  and  heart  rate  limits  imposed  by  the  USAARL  Human  Use 
Committee. 

Four  continuously  recording  video  cameras  and  voice  recorders  were  used  to 
monitor  the  volunteer  pilots  when  they  were  in  the  simulator.  Research  technicians 
were  able  to  slew  these  cameras  using  a  control  device  located  in  the  rear  area  of  the 
simulator  cockpit.  A  forward-looking  camera  fixed  to  the  top  of  the  instrument 


*  See  list  of  manufacturers  in  Appendix  J 
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glareshield  allowed  remote  monitoring  of  the  view  out  the  left  front  window.  The  other 
cameras  were  oriented  to  provide  close-up,  uninterrupted,  remote  monitoring  of  the 
appearance  and  responsivity  of  the  test  subjects  throughout  the  simulator  sessions. 

The  volunteer  aviators  were  informed  about  the  camera  system  and  all  provided  written 
consent  to  be  recorded  and  photographed  during  the  study. 

UH-60  automatic  flight  control  system 

Like  the  actual  UH-60  Blackhawk  helicopter,  the  USAARL  UH-60  simulator  is 
equipped  with  an  automatic  flight  control  system  (AFCS)  which  enhances  stability  and 
handling  qualities  (Department  of  the  Army,  Technical  Manual  1-1520-237-10).  The 
AFCS  has  four  subsystems:  the  stabilator,  the  stability  augmentation  system  (SAS), 
the  trim  system,  and  flight  path  stabilization  (FPS).  The  stabilator,  a  14  foot  by  4-Inch 
variable  angle-of-incidence  airfoil,  provides  control  in  the  pitch  axis  and  a  level  attitude 
at  a  hover.  The  SAS  enhances  dynamic  stability  in  all  axes,  thus  preventing 
"porpoising"  in  the  pitch  axis,  rolling  in  the  roll  axis  and  "fishtailing"  in  the  yaw  axis.  The 
trim  system  consists  of  three  trims  for  pitch,  roll,  and  yaw  axes.  The  trim  function 
provides  cyclic  (pitch  and  roll)  and  pedal  (yaw)  flight  control  position  reference  and 
control  gradient  to  maintain  the  cyclic  stick  and  pedals  at  a  desired  position.  To  change 
or  reset  the  pitch  or  roll  trims,  the  pilot  can: 

a.  Depress  the  cyclic  trim  release  button,  establish  the  new 
pitch  or  roll  reference,  and  release  the  trim  release  button. 

b.  Move  the  trim  switch  (also  on  the  cyclic)  to  establish  the 
new  pitch  or  roll  reference. 

c.  Move  the  cyclic,  then  depress  the  trim  release  button  or 
move  the  trim  switch  to  neutralize  the  force  on  the  cyclic. 

Flight  path  stabilization  is  also  provided  for  the  pitch,  roll  and  yaw  axes.  FPS 
provides  very  low  frequency  dampening  (static  stability).  FPS  functions  maintain 
helicopter  pitch  attitude/airspeed  hold,  roll  attitude  hold,  and  heading  hold  and 
automatic  turn  coordination.  FPS  provides  the  following: 

a.  Pitch  axis-attitude/airspeed  hold. 

b.  Roll  axis-bank  angle/attitude  hold. 

c.  Yaw  axis,  below  60  knots— heading  hold. 

Yaw  axis,  above  60  knots— heading  hold  and  automatic 
turn  coordination.  (Maintains  the  aircraft  in  trim 
during  a  turn.) 
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During  simulator  flights  in  this  study,  the  stabilator  and  SAS  were  always  active. 
However,  the  trim  system  and  FPS  were  deactivated  for  the  10-minute  duration  of  every 
other  set  of  standard  maneuvers  (starting  with  the  second  set).  This  degraded  the 
AFCS  thereby  requiring  more  pilot  control  inputs  and  significantly  increased  pilot  work 
load.  For  the  sake  of  brevity,  we  henceforth  refer  to  conditions  where  all  components  of 
the  AFCS  were  on  as  “AFCS  on”  and  conditions  where  the  trim  system  and  FPS 
components  of  the  AFCS  were  off  as  “AFCS  off.” 

UH-60  simulator  flight  profiles 

Four  simulator  test  sessions  were  conducted  on  4  consecutive  test  days  (Monday 
through  Thursday).  Each  test  session  consisted  of  two  flight  profiles,  or  sorties,  lasting 
approximately  2  hours  each.  These  scenarios  were  representative  of  realistic  UH-60 
helicopter  missions  (USAAC.1989).  A  10-minute  simulated  hot  refueling  break  was 
provided  between  the  two  2-hour  sorties. 

The  first  sortie  was  an  air  assault  (AA)  mission,  which  required  the  volunteer  pilots  to 
leave  an  airfield,  fly  to  a  landing  zone  (1_Z),  simulate  off-loading  an  AA  squad,  fly  away 
from  the  LZ  on  a  designated  flight  path,  return  to  the  l_Z,  pick  up  the  squad,  and  then 
return  to  the  initial  airfield  (figure  2). 

The  second  sortie  was  a  medical  evacuation  (MEDEVAC)  mission.  This  mission 
required  the  pilots  to  fly  from  a  primary  airfield  to  a  secondary  airfield,  simulate  the 
pickup  of  a  MEDEVAC  patient,  and  return  to  the  initial  airfield  by  a  second  route  (figure 
3). 


During  each  sortie,  the  right  seat  pilot  flew  eight  types  of  maneuvers  as  indicated  by 
the  mission  scripts.  Those  maneuvers  included:  hover  (HOV),  hover  turn  (HOVT),  right 
standard  rate  turn  (RSRT),  left  descending  turn  (LDT),  straight  and  level  (SL),  left 
climbing  turn  (LCT),  contour,  and  nap-of-the-earth  (NOE).  Custom  USAARL  software 
automatically  scored  performance  for  the  selected  channels  (e.g.,  airspeed,  radar 
altitude,  climb  rate,  turn  rate,  etc.). 

Each  sortie  began  at  a  simulated  airfield.  The  first  maneuver  was  a  1-minute  10-foot 
hover  at  a  heading  of  360“  during  which  only  radar  altitude  was  scored.  The  next 
maneuver  at  the  same  location  was  a  1 -minute  360“  hover  turn  at  10  feet.  Heading  and 
radar  altitude  were  scored  during  hover  turns. 

The  crew  then  departed  the  airfield  and  proceeded  to  successive  control  points  along 
the  flight  path,  flying  both  contour  and  NOE  as  specified  by  the  mission  scripts 
(appendix  A).  Contour  flying  required  the  pilot  to  maintain  80  feet  of  radar  altitude  while 
NOE  required  the  aircraft  to  be  kept  at  25  feet  above  the  ground  or  highest  obstacle 
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Figure  2.  First  2-hour  sortie:  Airassauit. 


Figures.  Second  2-hour  sortie:  MEDEVAC. 


(eg.,  simulated  trees).  While  flying  in  these  modes,  the  pilots  maintained  heading 
determined  by  the  direction  to  the  next  way  point  and  flew  at  airspeeds  sufficient  to 
allow  arrival  at  each  control  point  within  the  desired  time  intervals.  Heading,  radar 
altitude,  roll  and  slip  were  scored  during  NOE  and  contour  flight  modes. 

During  each  of  the  two  2-hour  sorties,  the  simulator  operator  caused  a  rapidly 
obscuring  fog  to  develop  every  30  minutes  at  the  end  of  specific  contour  or  NOE 
segments.  This  created  instrument  meteorological  conditions  (IMCs)  to  which  the  right 
seat  pilot  responded  by  ascending  to  2000  feet  at  500  feet  per  minute.  On  arrival  at 
2000  feet,  the  pilot  commenced  a  10-minute  set  of  standard  maneuvers  composed  of  a 
sequence  of  four  distinct  maneuvers  (SL,  RSRT,  LOT,  and  LDT).  Eight  sets  of  standard 
maneuvers  were  scheduled  during  each  test  session,  four  during  the  2-hour  AA  sortie, 
and  four  during  the  2-hour  MEDEVAC  sortie. 

The  first  standard  maneuver  was  SL  at  2000  feet  for  1  minute.  This  maneuver  was 
scored  on  heading,  indicated  altitude,  airspeed,  roll  and  slip.  An  RSRT  consisting  of  a 
360°  turn  at  a  rate  of  3°  per  second  was  then  completed  and  scored  on  indicated 
altitude,  airspeed,  roll  angle,  and  turn  rate.  Another  1-minute  SL  maneuver  followed  this 
and  was  scored  the  same  as  the  first. 

The  pilot  then  performed  an  LCT  with  a  500  feet-per-minute  rate  of  climb  while 
turning  180°  from  the  original  heading  at  a  rate  of  3°  per  second.  Scoring  on  this 
maneuver  was  on  airspeed,  climb  rate,  turn  rate,  and  slip.  A  third  1-minute  SL  segment 
was  completed  and  scored  the  same  as  the  two  previous  SLs.  The  pilot  then 
completed  an  LDT.  This  maneuver  was  performed  and  scored  the  same  as  the  LCT. 

A  final  minute  of  SL  flight  completed  the  set  of  standard  maneuvers.  The  pilot  then 
descended  out  of  IMC  to  resume  visual  flight  rules  (VFR)  contour  or  NOE  flight 
segments  between  designated  way  points  according  to  the  mission  scripts. 

During  contour  and  NOE  segments  of  each  sortie  (AA  and  MEDEVAC),  the  pilots 
were  allowed  to  transfer  flight  control  so  that  the  right  seat  pilot  could  take  an 
occasional  break  from  flying,  adjust  uniform  components  or  seat  position  to  relieve 
pressure  points,  maintain  hydration  by  drinking  water  from  a  standard  issue  canteen, 
and  eat  a  small  snack. 


Multi-attribute  test  battery  (MATB) 

Every  30  minutes,  as  the  right  seat  pilot  encountered  IMC  conditions  and  began  the 
ascent  from  contour  or  NOE  level  to  2000  feet  indicated  altitude  to  fly  an  iteration  of  the 
10-minute  set  of  standard  maneuvers,  the  left  seat  pilot  unstowed  a  laptop  computer  to 
simultaneously  perform  a  10-minute  medium  difficulty-level  MATB*.  Data  from  the 
MATB  provided  additional  measures  of  the  effects  of  aviator  ensemble  and 
environmental  conditions  on  cognitive  performance,  tracking,  situational  awareness. 
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reaction  times,  and  accuracy  of  responses  to  visual  and  auditory  cues.  An  objective  of 
including  the  MATB  in  the  study  was  to  determine  the  correlation  between  MATB 
results  and  the  flight  performance  scores  obtained  during  the  corresponding 
simultaneously  occurring  set  of  standard  flight  maneuvers. 

The  MATB  (figure  4)  is  a  computer-based,  aviation-related,  synthetic  task  battery  and 
performance  assessment  tool.  It  was  initially  developed  by  NASA  researchers 
(Comstock  and  Arnegard,  1992)  and  is  currently  available  from  the  Federal  Aviation 
Administration’s  Civilian  Aeromedical  Research  Institute  (CAMI)  in  Oklahoma  City, 
Oklahoma. 

The  MATB  requires  a  test  subject  to  simultaneously: 

1 .  Detect  changes  in  the  condition  of  simulated  warning  lights  and  deviations  of 
four  strip  gauges  greater  than  ±  1  unit  from  midpoints  and  respond  to 
changes  by  pressing  the  appropriate  key  on  a  computer  keyboard. 

2.  Maintain  cross  hairs  on  a  centrally  fixed  target  with  a  joystick  controller. 

3.  Detect  the  pilot's  assigned  call  sign  and  message  amid  extraneous  simulated 
radio  traffic.  The  relevant  messages  require  changing  radio  channels  and 
frequencies.  Simulated  radio  frequency  changes  are  implemented  by  the  test 
subject  as  accurately  and  quickly  as  possible  via  the  computer  keyboard. 

4.  Maintain  simulated  fuel  levels  in  two  primary  fuel  tanks  at  indicated  levels  by 
transferring  fuel  from  four  auxiliary  fuel  tanks  interconnected  by  lines  and  fuel 
pumps. 

A  laptop  computer  and  joystick  were  used  to  administer  the  MATB.  Audio  for  the 
communications  task  was  provided  by  patching  the  computer  audio  output  into  the 
cockpit’s  internal  communication  system.  The  volume  was  adjusted  to  a  comfortable 
subjective  level  for  the  left  seat  pilot  after  donning  the  flight  helmet  at  the  beginning  of 
each  simulator  session. 

A  printout  of  the  baseline  10-minute,  medium  difficulty-level,  MATB  script  is  included 
in  appendix  F.  In  order  to  prevent  the  MATB  pilots  from  becoming  conditioned  to,  or 
excessively  bored  with  an  identical  MATB  script  administered  eight  times  per  test 
session,  the  events  in  the  baseline  MATB  script  were  randomized.  Eight  versions  of  the 
baseline  10-minute  MATB  event  script  were  used,  each  of  the  same  duration  and 
difficulty  level  and  with  the  same  number  and  types  of  tasks  but  in  randomly  different 
order  (within  type  of  task,  i.e.,  time  intervals  between  events  were  identical  for  all  the 
script  files).  The  order  of  the  eight  script  files  was  also  randomized  for  each  simulator 
session. 
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The  following  table  enumerates  the  raw  performance  data  automatically  obtained  by 
the  MATB  along  with  the  calculated  parameters  for  which  statistics  were  obtained  and 
analyzed  for  differences  across  iteration  and  test  condition. 

Table  3. 

MATB  performance  data. 


TASK 

DATA  FILE 

STATISTICS  FOR 

Monitoring  two  warning  lights  and  four 
strip  gages  and  responding  to  warning 
light  changes  or  out-of-range  strip  gage 
readings. 

Elapsed  time  to  0.01  sec 

Code  indicating  an  event 
requiring  a  response  e.g.:  red  light  on, 
green  light  off,  gauges  1-4  out  of 
desired  range 

Response  time  to  0.01  sec 

Response  time 

Number  of  events 

Number  of  timed  out  events 

Number  of  false  responses 
(i.e.,  false  alarms) 

Joystick  target  tracking 

Elapsed  time  to  0.01  sec 

Level  of  tracking  difficulty  low,  medium, 
high) 

Sum  of  squares  pixel  tracking  error  to 

0.01  pixel 

Tracking  error  sampling  rate 

RMS  tracking  error  to  0.01  pixel 

RMS  tracking  error 

Comnn  unications 

Elapsed  time  to  0.01  sec 

Event  code  (own  vs.  other,  call  sign, 
and  channel  to  switch  to) 

Change  of  frequency 

Time  to  respond  to  msg 

Accuracy  of  channel  and 
frequency  changes 

Missed  messages 

Responses  to  others’  messages 

Fuel  (resource)  management 

Elapsed  time  to  0.01  sec 

Pump  activity  (pump  #,  on-off, 
failure,  repair) 

Fuel  in  tanks  A,  B,  C,  and  D 

RMS  deviation  from  target  fuel 
levels  in  tanks  A  &  B 

Number  of  user  initiated  pump 
activities 

Task  load  ratings 

The  NASA  Task  Load  Index  (TLX)  questionnaire  (appendix  I),  developed  by  the 
Human  Performance  Research  Group  at  the  NASA  Ames  Research  Center  (Hart  and 
Staveland,  1988),  was  administered  every  30  minutes  to  the  right  seat  pilot  at  the 
completion  of  each  10-minute  set  of  standard  maneuvers  and  to  the  left  seat  pilot 
immediately  after  completing  each  10-minute  MATB  performance  test. 

The  TLX  questionnaire  requires  subjective  ratings,  on  a  0  to  20  Likert-type  scale,  for 
mental  demand,  physical  demand,  temporal  demand,  performance,  effort,  and 
frustration  level.  Mental  demand  is  a  subjective  estimate  of  the  mental  and  perceptual 
effort  that  was  required  to  perform  a  task  (0=none,  20=ovenvhelming).  Physical 
demand  is  the  difficulty  of  the  physical  activity  and  exertion  required  by  a  task  (0=none 
to  20=impossibly  difficult).  Temporal  demand  is  the  pace  of  task  requirements  or 
degree  of  time  pressure  (0=none  to  20=ovenA/helming).  Performance  is  a  rating 
regarding  the  extent  to  which  task  objectives  and  criteria  were  achieved  (0=perfect  to 
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20=failure).  Effort  is  a  rating  of  how  hard  the  individual  worked  to  achieve  the 
measured  level  of  performance  (0=none  to  20=maximum).  And,  frustration  level  is  a 
rating  of  how  annoyed,  irritated,  or  angry  the  individual  became  in  attempting  to  achieve 
target  performance  during  the  task  (0=none  to  20=maximum). 


Sequence  of  events  in  the  study 

All  the  aviator  volunteers  received  a  detailed  briefing  regarding  the  study  and  were 
informed  of  their  right  to  withdraw  from  participation,  at  their  discretion,  without  any 
penalties.  Prior  to  participation,  the  volunteer  aviators  read  and  signed  the  informed 
consent  and  were  medically  cleared  for  any  evidence  of  significant  illness  or  excess 
risk.  Female  participants  were  negative  on  a  serum  pregnancy  test  obtained  as  part  of 
the  medical  evaluation.  The  aviator  volunteers  participated  in  the  study  for  2 
consecutive  weeks.  The  first  week  was  for  uniform  and  helmet  fitting,  simulator  and 
MATB  training,  and  heat  stress  acclimatization  in  the  environmental  chamber.  During 
the  second  week  (test  week),  the  aviators  completed  four  test  sessions,  one  session 
per  day  for  4  consecutive  days  (Monday  -  Thursday). 

During  the  first  week,  ambient  conditions  in  the  environmental  chamber  for 
acclimatization  were  100°F  and  20  percent  RH.  The  volunteer  aviators  ambulated  on 
treadmills  in  an  environmentally  controlled  chamber.  The  treadmill  speed  was  set  at  3 
mph  and  0  percent  grade  for  two  30-minute  intervals  separated  by  a  10-mlnute  rest 
break.  After  the  acclimatization  sessions  in  the  environmental  chamber,  the  pilots  had 
2-hour  training  flights  in  the  UH-60  flight  simulator  with  ambient  conditions  in  the  cabin 
increased  daily  from  90°F  and  50  percent  RH  to  100°F  and  50  percent  RH.  These 
simulator  sessions  provided  some  additional  acclimatization  as  well  as  familiarization 
with  the  two  different  flight  missions,  the  MATB  computerized  performance  test,  and  the 
questionnaires  (appendix  I). 

During  their  second  week,  the  test  subjects  arrived  each  day  at  approximately  0700 
hours,  self  Inserted  a  rectal  thermistor*,  were  assisted  with  the  application  of  skin 
temperature  sensors  and  electrocardiogram  (EGG)  leads*,  and  then  donned  the 
designated  flight  uniform  (figure  5).  The  volunteers  then  entered  the  environmental 
chamber  where  they  walked  on  treadmills  at  a  3  mph  pace  and  0  percent  grade  for  20 
minutes.  Per  Thornton  et  al  (1992),  this  method  was  used  to  approximate  the 
metabolic  heat  load  generated  during  an  actual  UH-60  preflight  inspection.  After 
completing  the  20-minute  simulated  preflight  inspection,  the  crew  walked  a  short 
distance  to  the  USAARL  UH-60  simulator.  Core  temperature  and  heart  rate  were 
monitored  every  10  minutes  to  ensure  adherence  to  physiological  limits  as  approved  in 
the  research  protocol  (core  temperature  limit  of  102.56°F,  or  39.2°C,  and  heart  rate  not 
to  exceed  90  percent  of  age  adjusted  predicted  maximum).  Pre-  and  posttest  weights 
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Post  session  clothed  weight 
Cooling:  fans,  iced  towels 
Hydration:  cooled  water 
Venous  sample  for  catecholamines 
Post  session  POMS  questionaire 


Disconnect  from  portable  data  recorders 
Assist  test  subjects  into  the  cockpit 
Connect  to  physiological  data  aquisition  system 
Technician  initializes  MATS  for  left  seat  pilot 
Sim  operator  initalizes  HAWK  flight  performance  system 
Every  30  mins:  10  min  set  of  standard  maneuvers  at  2-2,5  k  alt 
10  min  med  difficulty  MATS 
questionaires:  mood  &  symptoms 

task  load  index  (TLX) 

Every  1 0  mins  :  manual  data  recording: 

core  temp  &  heart  rate 
cockpit  environmental  conditions 


Figure  5.  Heat  stress  study  process. 
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and  fluid  intake  and  output  were  obtained  to  determine  sweating  rates  and  levels  of 
dehydration. 

Each  simulator  flight  session  during  the  test  week  consisted  of  two  2-hour  sorties  (AA 
and  MEDEVAC,  respectively)  with  an  intervening  10-minute  simulated  hot  refueling 
break.  Every  30  minutes  during  the  simulator  session,  the  right  seat  pilot  encountered 
IMC  conditions  and  flew  a  1 0-minute  set  of  standard  flight  maneuvers.  During  the 
simulator  flights,  the  data  acquisition  systems  collected  flight  performance  and 
physiological  data.  When  subjective  or  objective  indicators  suggested  that  test  subject 
tolerance  limits  were  about  to  be  reached,  the  volunteer  pilots  were  instructed  to  make 
a  simulated  landing  and  both  test  pilots  were  assisted  out  of  the  simulator  and  escorted 
to  a  cooling  and  recovery  room. 

While  the  right  seat  pilot  was  flying  the  set  of  standard  maneuvers,  the  left  seat  pilot 
was  simultaneously  using  a  stowable  laptop  computer  and  joystick  to  take  the  10- 
minute,  moderate  difficulty-level,  MATB  performance  test. 


Results 


In  the  tables  and  charts  of  results,  reference  to  the  unencumbered  MOPPO  ABDU 
flight  uniform  is  abbreviated  as  ABDU.  Reference  to  the  encumbered  MOPP4  over 
ABDU  ensemble  is  abbreviated  as  MOPP4.  Likewise,  the  70°F,  50  percent  RH 
condition  is  abbreviated  as  the  cool  condition  (although  temperate  might  be  technically 
more  accurate)  and  the  100°F,  50  percent  RH  condition  is  abbreviated  as  the  hot 
condition. 

Repeated  measures  analysis  of  variance  (ANOVA)  was  the  primary  hypothesis 
testing  procedure  utilized  to  determine  whether  means  for  performance  variables  and 
task  load  ratings  were  significantly  different  across  the  two  levels  of  each  of  the  two 
main  factors  (environmental  temperature  setting  and  type  of  flight  uniform).  For  ease  of 
interpretation,  the  ANOVA  results  tables  typically  list  means  for  each  variable  across 
the  test  conditions  and  the  resulting  F  and  p  statistics  with  degrees  of  freedom  for 
effects  and  residual  error.  The  customary  p<0.05  criteria  served  as  the  decision 
threshold  for  rejecting  null  hypotheses  that  differences  in  means  were  due  exclusively 
to  chance  or  random  variation  in  uncontrolled  and  unmeasured  factors. 

Means  and  p-values  in  the  ANOVA  results  tables  are  utilized  together  to  determine 
the  magnitude  and  direction  of  differences  in  mean  responses  for  variables  across  the 
different  levels  of  the  two  factors.  Significance  for  only  the  environmental  temperature 
factor  indicates  that  differences  in  mean  performance  values  or  workload  ratings  were 
only  associated  with  differences  in  environmental  temperature,  but  not  the  different 
flight  uniforms.  Similarly,  significance  for  a  variable  for  only  the  uniform  factor  indicates 
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that  differences  in  mean  responses  were  only  associated  with  type  of  uniform,  but  not 
with  the  different  temperature  conditions.  Significance  for  interaction  between 
temperature  and  uniform  indicates  that  the  slope  of  the  response  with  respect  to 
temperature  differed  for  the  two  levels  of  uniform,  or  vice  versa. 

Test  subjects 

Twelve  male  and  two  female  aviators  between  the  ages  of  27  and  50  (mean  35.6 
years  of  age)  completed  participation  in  this  study.  No  volunteer  had  an  exclusionary 
medical  condition.  Each  of  the  14  completed  at  least  1  complete  week  of  actual  testing. 
Three  test  subjects  volunteered  for  an  additional  test  week.  Therefore,  there  were  14 
distinct  test  subjects  but  17  test  subject  numbers. 

Ten  (71.4  percent)  of  the  aviators  were  UH-60  rated;  the  remainder  were  rated  in 
various  other  helicopters.  Average  total  career  flight  time  was  1453  (320-2800)  hours 
with  an  average  of  452  (0-1800)  total  hours  flying  UH-60s  and  an  average  of  69  (0-300) 
total  hours  in  UH-60  simulators.  There  were  3  officers  and  1 1  warrant  officers.  Four 
(28.6  percent)  volunteers  were  from  the  Army  National  Guard,  the  remainder  (77.4 
percent)  were  from  various  active  duty  Army  aviation  units.  Four  of  the  volunteer  pilots 
had  previously  participated  in  other  USAARL  studies. 

Average  height  and  weight  for  the  volunteer  aviators  was  70  inches  and  170  pounds, 
respectively.  Performance  results  for  their  most  recent  Army  physical  fitness  training 
(APFT)  test  included  an  average  score  of  261  (209-300),  with  an  average  of  55 
pushups,  63  situps,  and  17:52  for  the  2-mile  run.  The  average  self-rated  effort  for  their 
most  recent  APFT  test  was  92  percent  of  perceived  maximum  possible  effort.  These 
data  indicated  that  the  test  subjects,  as  a  group,  were  in  good  physical  condition. 

Average  number  of  hours  of  CB  training  over  the  preceding  1  and  5  years  were  0.64 
(0-3)  hour  and  8  (0-52)  hours,  respectively.  They  also  had  an  average  of  1 .28  (0-6) 
hours  of  heat  illness  prevention  training  over  the  preceding  2  years.  For  further 
demographic  details,  see  appendix  B. 

Environmental  conditions 

Repeated  measures  ANOVA  was  performed  on  mean  cockpit  temperatures  and 
humidity  to  determine  how  closely  actual  cockpit  environmental  conditions  during  the 
test  sessions  were  to  those  specified  in  the  study  design.  Results  showed  that  there 
were  no  statistically  significant  differences  between  actual  and  specified  values  for 
either  of  the  temperature  and  humidity  settings  (70°F,  50  percent  RH  and  100°F,  50 
percent  RH)  across  the  two  different  flight  uniforms  (ABDU  and  air  warrior).  These 
results  verified  excellent  control  of  the  environmental  conditions  during  the  study  (see 
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Reardon  et  al,  1 996  for  further  detail).  Cockpit  WBGT  for  the  cool  condition  was  70°F 
(21 .1  °C)  and  for  the  hot  condition,  90°F  (32.2°C). 

Endurance 

All  the  volunteer  pilots  were  able  to  complete  the  full  4-hour  two-sortie  mission 
(nominally  300  minutes  in  duration)  for  each  of  the  test  conditions  except  the 
encumbered  MOPP4-hot  condition.  None  of  the  aviators  or  crew  were  able  to  complete 
even  the  first  2-hour  sortie  in  the  MOPP4-hot  condition.  Overall,  crew  endurance  was 
reduced  (p«0.05)  by  65  percent,  from  an  average  of  309  minutes  for  the  cool  and 
ABDU  conditions,  to  only  107  minutes  (figure  6)  for  the  encumbered  MOPP4-hot 
condition.  The  reasons  for  this  were  the  much  greater  physiological  and  psychological 
heat  strain  caused  by  the  encumbered  MOPP4-hot  condition  (see  detailed  physiological 
results  in  Reardon,  et  al.,  1996).  For  seven  of  the  nine  crews,  duration  in  the  MOPP4- 
hot  condition  was  limited  by  at  least  one  of  the  pilots  reaching  the  safety  limit  for  core 
temperature  (39.2°C  or  102.56°F).  Even  so,  the  crews  on  exiting  the  simulator  typically 
manifested  signs  of  mild  to  moderate  heat  exhaustion.  A  few  also  had  several  minutes 
of  orthostatic  lightheadedness.  (All  recovered  uneventfully  to  their  pretest  baseline 
conditions  after  30-60  minutes  of  rest,  fluids,  and  cooling  with  a  fan  and  iced  towels). 

There  were  no  significant  correlations  between  endurance  in  the  MOPP4-hot 
condition  and  aviator  characteristics.  Cross  correlations  between  endurance  and  age 
(0.1339),  height  (-0.2124),  weight  (-0.2530),  recent  APFT  score  (0.3875),  career  flight 
hours  (-0.3594),  career  UH-60  hours  (0.2163),  career  simulator  hours  (0.3969),  and 
amount  of  recent  heat  stress  training  (-0.3330)  were  relatively  small  and  not  statistically 
different  from  zero. 


Flight  performance  results 

The  charts  and  repeated  measures  ANOVA  tables  in  appendix  C  summarize  flight 
performance  results.  The  right  seat  pilots  alternated  use  of  the  AFCS  for  each  iteration 
of  the  set  of  standard  maneuvers  (SL,  RSRT,  SL,  LCT,  SL,  LOT,  SL)  as  specified  in  the 
flight  scripts.  Hovers,  hover  turns,  and  NOE  and  contour  segments,  however,  were 
always  flown  with  the  AFCS  on. 

Flight  performance  scores,  indicating  how  well  the  pilots  maintained  target  values  for 
each  parameter  during  each  maneuver,  as  specified  in  the  flight  profile  scripts 
(appendix  A),  were  calculated  in  two  steps.  First,  mean  scores  for  each  of  the 
relevant  parameters  associated  with  each  maneuver  were  automatically  calculated 
using  the  scoring  bands  in  table  4.  Second,  the  scores  from  each  of  the  graded 
parameters  were  averaged  into  a  single  composite  score  for  each  maneuver. 
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Figure  6. 

Aviator  Endurance. 


(Time  in  uniform-in  minutes) 

From  beginning  of  treadmill  session  to  end  of  simulator  flight 
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Table  4. 

Scoring  bands  for  flight  performance  deviations  from  target  vaiues. 


Maximum  deviations  from  performance  standards  for  scores  of 


Measure  funits)  \  Score  100 _ SQ. 


Heading  (degrees) 

<0.5 

1.0 

Altitude  (feet) 

<4.4 

8.8 

Airspeed  (knots) 

<0.65 

1,3 

Slip  (ball  widths) 

<0.025 

0.0 

Roll  (degrees) 

<0.4 

0.8 

Vert.  Speed  (feet/m) 

<5.0 

10.0 

Turn  Rate  (degrees/s) 

<0.15 

0.3 

60  40  20 _ 0. 


2.0 

4.0 

8.0 

>  16.0 

17.5 

35.0 

70.0 

>140.0 

2.5 

5.0 

10.0 

>  20.0 

0.1 

0.2 

0.4 

>  0.8 

1.5 

3.0 

6.0 

>  12.0 

20.0 

40.0 

80.0 

>160.0 

0.5 

1.0 

2,0 

>  4.0 

Table  5  provides  reference  values  utilized  in  scoring  flight  performance  for  the 
specific  data  channels  selected  for  each  type  of  maneuver.  Best  are  the  target  values 
associated  with  1 00  percent  performance  score.  High  are  deviations  from  the  target 
values  beyond  which  subjects  would  receive  a  score  of  zero.  Wgt  are  weightings  for  a 
weighted  average  composite  score  (ACS).  ATM  are  the  maximum  deviations  from  the 
target  values  permitted  by  aircrew  training  manual  standards  (Department  of  the  Army, 
1996). 


Table  5. 

Flight  performance  standards  by  data  channel  and  maneuver. 


LEFT  CLIMBING  TURN  5,  Data  Channels 


Data  Channel  Descriotion 

m  Channel 

Atey., 

Best 

High 

Wgt 

AIM 

Climb  rate  (fl/mln) 

01  FROC 

Cli 

500 

160 

1 

100 

Turn  rate  (deg/sec) 

02  FDPSID 

Tm 

-3 

4 

1 

Pilot  indicated  airspeed  (knots) 

03  FIASR 

Asp 

120 

20 

1 

10 

Roll  angle  (degrees) 

04  FPHID 

Rol 

-19 

12 

1 

10 

Slip  ball  position  (n-d) 

05  FSLIPP 

Sip 

0 

0.8 

1 

STRAIGHT  &  LEVEL 

5,  Data  channels 

Data  Channel  Descriotion 

##  Channel 

Abrev. 

Best 

High 

Wot 

AIM 

Heading  (degrees) 

01  UDISHG 

Hdg 

150 

16 

1 

10 

Indicated  altitude  (feet) 

02  FALTI 

Alt 

2000 

140 

1 

100 

Pilot  indicated  airspeed  (knots) 

03  FIASR 

Asp 

120 

20 

1 

10 

Roll  angle  (degrees) 

04  FPHID 

Rol 

0 

12 

1 

10 

Slip  ball  position  (n-d) 

05  FSLIPP 

Sip 

0 

0.8 

1 

1 

LEFT  DESCENDING  TURN 

5,  Data  Channels 

P9t9  Chgnngl  De?cnp.tic>.n 

##  ..Channel 

Atoy. 

Best 

High 

Wot 

ATM 

Climb  rate  (fl/min) 

01  FROC 

Cli 

-500 

160 

1 

100 

Turn  rate  (deg/sec) 

02  FDPSID 

Tm 

-3 

4 

1 

Pilot  indicated  airspeed  (knots) 

03  FIASR 

Asp 

120 

20 

1 

10 

Roll  angle  (degrees) 

04  FPHID 

Rol 

-19 

12 

1 

10 

Slip  bail  position  (n-d) 

05  FSLIPP 

Sip 

0 

0.8 

1 

1 
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Table  5.  fcontinued^ 


HOVER  2,  Data  Channels 


Data  Channel  Descriotion 

##  Channel 

Abrev. 

Best 

High 

Wgt 

ATM 

Radar  altitude  (feet) 

01  URDALT 

Alt 

40 

16 

1 

3 

Heading  (degrees) 

02  UDISHG 

Hdg 

20 

8 

1 

10 

HOVER TURN 

1 ,  Data  Channels 

Data  Channel  Descriotion 

M  Channel 

Abrev. 

Best 

jjgb 

Wot 

AIM 

Radar  altitude  (feet) 

01  URDALT 

Alt 

40 

16 

1 

3 

RIGHT  STANDARD  RATE  TURN 

5,  Data  Channels 

Data_Channel  Description 

##  Channel 

Abrev. 

Best 

High 

Wgl 

ATM 

Turn  rate  (deg/sec) 

01  FDPSID 

Trn 

3 

4 

1 

Indicated  altitude  (feet) 

02  FALTI 

Alt 

2000 

140 

1 

100 

Pilot  indicated  airspeed  (knots) 

03  FIASR 

Asp 

120 

20 

1 

10 

Roll  angle  (degrees) 

04  FPHID 

Rol 

20 

12 

1 

10 

Slip  ball  position  (n-d) 

05  FSLIPP 

Sip 

0 

0.8 

1 

1 

CONTOUR 

4,  Data  Channels 

Data  Channel  Description 

##  Channel 

Abrev. 

Best 

High 

Wgl 

ATM 

Radar  altitude  (feet) 

01  URDALT 

Ral 

80 

80 

1 

100 

Heading  Error  (degrees,  COMPUTED) 

02  *V07 

HdE 

0 

10 

1 

10 

Roll  angle  (degrees) 

03  FPHID 

Rol 

0 

12 

1 

10 

Slip  ball  position  (n-d) 

04  FSLIPP 

Sip 

0 

0.8 

1 

1 

NAP  OF  THE  EARTH 

4,  Data  Channels 

Data  Channel  Description 

##  Channel 

Abrev. 

Best 

High 

Wgt 

ATM 

Radar  altitude  (feet) 

01  URDALT 

Ral 

25 

25 

1 

100 

Heading  Error  (degrees,  COMPUTED) 

02  *V07 

HdE 

0 

10 

1 

10 

Roll  angle  (degrees) 

03  FPHID 

Rol 

0 

12 

1 

10 

Slip  ball  position  (n-d) 

04  FSLIPP 

Sip 

0 

0.8 

1 

1 

Average  composite  scores 

Average  composite  flight  performance  scores  at  each  sampling  point  during  an 
iteration  of  a  particular  type  of  maneuver  were  calculated  as  an  unweighted  average  of 
the  individual  scores  for  the  maneuver-specific  flight  performance  data  channels.  These 
sample-point  ACSs  were  then  averaged  across  each  iteration.  Lastly,  the  iteration 
ACSs  were  averaged  to  obtain  an  average  ACS  for  each  pilot  by  type  of  maneuver  and 
test  condition. 

There  were  insufficient  degrees  of  freedom  to  perform  a  multiple  analysis  of  variance 
(MANOVA)  to  evaluate  the  overall  effects  of  the  main  factors,  temperature  and  type  of 
uniform  on  the  ACSs  for  all  the  maneuvers  taken  together.  Alternatively,  a  three-way 
(temperature,  uniform,  and  type  of  maneuver)  repeated  measures  ANOVA  was 
performed  on  the  average  composite  flight  performance  scores  (table  6).  These  results 
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indicated  a  significant  first-order  interaction  of  cockpit  temperature  and  type  of  flight 
uniform  on  flight  performance,  as  well  as  a  significant  main  effect  for  type  of  uniform. 


Table  6. 

Three-way  repeated  measures  ANOVA  for  flight  performance;  ACS  scores. 

df  MS  df  MS 


Effect 

Effect 

Error 

Error 

F 

p-level 

Temperature 

1 

46.14 

6 

14.53 

3.18 

0.13 

Uniform 

1 

336.40 

6 

35.27 

9.54 

0.02 

Maneuver 

7 

5235.68 

42 

33.57 

155.96 

0.00 

Temperature  and  Uniform 

1 

231.88 

6 

19.84 

11.69 

0.01 

Temperature  and  Maneuver 

7 

19.44 

42 

18.37 

1.06 

0.41 

Uniform  and  Maneuver 

7 

18.75 

42 

21.11 

0.89 

0.52 

Temperature,  Uniform,  and  Maneuver 

7 

8.49 

42 

19.70 

0.43 

0.88 

Repeated  measures  ANOVA  (table  7a, b)  was  also  used  to  determine  the  specific 
flight  parameters  for  each  type  of  maneuver  exhibiting  significant  main  factor  and 
interaction  effects.  Analysis  was  performed  separately  for  data  from  the  maneuvers 
where  the  ARCS  was  on,  off,  and  both  on  and  off.  The  last  was  justified  on  the  basis 
that  during  actual  UH-60  flight,  pilots  frequently  switch  the  ARCS  off  for  short  periods  to 
either  align  the  aircraft  for  a  new  ARCS  flight  track,  or  for  the  benefits  of  close  manual 
control  during  demanding  flight  conditions. 

When  flight  performance  was  averaged  across  ARCS  on  and  off  for  all  iterations  of 
each  maneuver,  the  encumbered  MOPP4  uniform  was  associated  with  significantly 
reduced  ACS  for  five  (HOV,  HOVT,  RSRT,  SL,  and  contour)  of  eight  (62.5  percent) 
maneuvers  (table  8).  In  addition  to  the  effects  on  the  composite  scores,  5  of  the  29 
(17.2  percent)  separately  scored  flight  parameters  for  the  8  maneuvers  were 
significantly  reduced  (table  11).  Rorthe  averaged  ARCS  on  and  off  results,  the  hot 
temperature  condition  by  itself,  as  a  main  effect,  reduced  the  ACS  for  only  one  (RSRT) 
of  eight  maneuvers  (table  7a,b). 

Rorthe  iterations  of  the  maneuvers  flown  with  ARCS  on,  the  MOPP4  ensemble  was 
associated  with  significantly  lower  ACS  for  three  (HOV,  HOVT,  and  contour)  of  the  eight 
(37.5  percent)  types  of  maneuvers  compared  to  the  ABDU  conditions  (table  7a,b).  The 
Air  Warrior  ensemble  did  not  significantly  reduce  performance  scores  for  the  standard 
maneuvers  when  flown  with  trim  on.  In  addition  to  the  effects  on  the  composite  scores, 
5  of  the  29  (17.2  percent)  separately  scored  flight  parameter  scores  for  the  8 
maneuvers  were  significantly  reduced.  Rorthe  averaged  ARCS  on  results,  the 
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Table 

Repeated  measures  ANOVA  results  for  flight  performance  scores. 
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hot  temperature  condition,  as  a  main  effect,  did  not  reduce  the  ACS  for  any  of  the  eight 
flight  maneuvers  (table  7a, b). 

With  AFCS  off,  the  encumbered  MOPP4  uniform  significantly  degraded  the  ACS  for 
two  (SL  and  LDT)  (50  percent)  of  the  four  types  of  maneuvers  in  the  set  of  standard 
maneuvers  (table  8).  In  addition  to  the  effects  on  the  composite  scores,  5  of  the  17 
(29.4  percent)  separately  scored  flight  parameters  for  the  4  maneuvers  were 
significantly  reduced  (table  7a, b).  For  the  averaged  AFCS  off  results,  the  hot 
temperature  condition,  as  a  main  effect,  reduced  the  ACS  for  two  (RSRT  and  LCT)  of 
the  four  flight  maneuvers  that  were  alternately  flown  with  AFCS  off. 

Table  8. 

Effects  of  encumbered  MOPP4  ensemble  in  hot  conditions 
on  average  composite  flight  scores. 


Maneuver 

AFCS  (trin 

1)  AFCS 

AFCS 

on  &  off 

on 

off 

HOV 

i 

n/a 

HOVT 

i 

n/a 

RSRT 

-i 

« 

LDT 

++ 

1 

SL 

llllllllllll 

44 

1 

LCT 

44 

Contour 

1 

1 

n/a 

NOE 

4-* 

n/a 

*  i  -  indicates  a  significant  decrease  in  average  composite  scores. 
-  indicates  no  significant  increase  or  decrease. 


Root  mean  squared  errors  (RMSEs) 

RMSEs  were  calculated  as  the  square-root  of  the  mean-squared  deviations  of  the 
actual  flight  performance  data  from  the  corresponding  target  values  for  each  data 
channel  across  all  the  sample  points  in  an  iteration  of  a  maneuver.  The  RMSEs  were 
then  averaged  across  iterations  to  obtain  an  average  RMSE  for  each  type  of  maneuver 
and  test  condition. 
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Repeated  measures  ANOVA  results  for  flight  performance  RMSE 
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0.57  I  0.56  I  0.20  06641  046  06154 


Table  9b. 

Repeated  measures  ANOVA  results  for  flight  performance  RMSE. 
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There  was  not  a  composite  RMSE  equivalent  to  the  ACS;  therefore,  it  was  not 
possible  to  perform  a  MANOVA  on  the  RMSEs  for  all  the  flight  variables  simultaneously 
because  of  an  excessive  number  of  RMSEs  compared  to  the  relatively  small  sample 
size  (nine  cases).  Repeated  measures  two-way  ANOVAs  (table  9a, b)  were  applied  to 
determine  which  of  the  maneuver  flight  variable  RMSEs  exhibited  statistically  significant 
differences  across  the  factor  levels.  Analysis  was  performed  separately  for  maneuvers 
flown  with  ARCS  on,  off,  and  both  on  and  off. 

ANOVA  results  for  flight  performance  RMSEs  averaged  across  AFCS  on  and  off  for 
all  iterations  of  each  maneuver  revealed  larger  RMSEs  associated  with  the  100°F 
temperature  on  at  least  one  variable  in  three  (HOVT,  RSRT,  SL)  of  the  eight  (37.5 
percent)  maneuvers  and  with  the  encumbered  MOPP4  ensemble  for  at  least  one 
variable  in  five  (HOV,  HOVT,  SL,  LCT,  LDT)  of  the  eight  (62.5  percent)  variables  (table 
9a, b).  Larger  RMSEs  were  associated  with  the  100°F  temperature  on  3  of  29  (10.3 
percent)  variables  and  with  the  encumbered  MOPP4  ensemble  on  8  of  29  (27.6 
percent)  variables.  Only  1  of  29  (3.4  percent)  variables  exhibited  a  temperature  by 
uniform  interaction. 

ANOVA  results  for  flight  performance  RMSEs  averaged  only  across  iterations  of 
each  maneuver  flown  with  AFCS  on  revealed  larger  RMSEs  associated  with  the  100°F 
temperature  on  at  least  one  variable  In  two  (HOVT,  RSRT)  of  the  eight  (25  percent) 
maneuvers  and  with  the  encumbered  MOPP4  ensemble  on  at  least  one  variable  in  2 
(HOV,  HOVT)  of  the  eight  (25  percent)  maneuvers  (table  10).  Larger  RMSEs  were 
associated  with  the  100°F  temperature  on  2  of  29  (6.9  percent)  variables  and  with  the 
encumbered  MOPP4  ensemble  on  3  of  29  (10.3  percent)  variables.  Only  1  of  29  (6.9 
percent)  variables  exhibited  a  temperature  by  uniform  interaction. 

ANOVA  results  for  flight  performance  RMSEs  averaged  only  across  iterations  of 
each  maneuver  flown  with  AFCS  off  revealed  larger  RMSEs  associated  with  the  100°F 
temperature  on  at  least  one  variable  in  one  (SL)  of  the  four  (25  percent)  maneuvers  and 
with  the  encumbered  MOPP4  ensemble  on  at  least  one  variable  in  all  (SL,  RSRT,  LCT, 
LDT)  of  the  maneuvers  (table  10).  Larger  RMSEs  were  associated  with  the  100°F 
temperature  on  1  of  17  (5.9  percent)  variables  and  with  the  encumbered  MOPP4 
ensemble  on  7  of  17  (41.2  percent)  variables.  Only  1  of  17  (5.9  percent)  variables 
exhibited  a  temperature  by  uniform  interaction. 
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Table  10. 

Effects  of  encumbered  MOPP4  ensemble  in 
hot  conditions  on  RMSE  for  maneuvers. 


Maneuver 

ARCS  (trim) 
on  &  off 

ARCS 

on 

ARCS 

off 

HOV 

f 

T 

n/a 

HOVT 

r 

++ 

n/a 

RSRT 

T 

t 

LOT 

r 

T . 

SL 

t 

LOT 

t  ■ 

t 

Contour 

- 

n/a 

NOE 

n/a 

*  T  -  indicates  a  significant  increase  in  RMSEs. 

-  indicates  no  significant  increase  or  decrease. 


Maximum  and  minimum  values 

Maximum  and  minimum  values  were  obtained  for  each  flight  performance  variable 
during  each  iteration  of  all  the  maneuvers.  Maximum  and  minimum  values  were  then 
averaged  across  iterations  for  each  type  of  maneuver  and  test  condition. 

ANOVA  results  for  maximum  flight  data  values  averaged  across  iterations  of  each 
maneuver  flown  with  both  ARCS  on  and  off  revealed  that  larger  magnitudes  of  the 
maximum  values  were  associated  with  the  100°F  temperature  for  at  least  one  variable 
in  one  of  eight  (12.5  percent)  maneuvers  and  the  encumbered  MOPP4  for  at  least  one 
variable  in  three  of  the  eight  (37.5  percent)  maneuvers.  Larger  magnitude  maximums 
were  associated  with  the  100°F  temperature  in  1  of  23  (4.3  percent)  variables  and  the 
encumbered  MOPP4  in  3  of  23  (13  percent)  variables.  Only  1  of  23  (4.3  percent) 
variables  exhibited  a  temperature  by  uniform  interaction  on  maximums. 

ANOVA  results  for  minimum  flight  performance  parameter  values  averaged  across 
both  ARCS  on  and  off  for  all  iterations  of  each  maneuver  revealed  that  adverse  effects 
on  performance  were  associated  with  the  100°F  temperature  for  at  least  one  variable  in 
one  of  eight  (12.5  percent)  maneuvers  and  the  encumbered  MOPP4  for  at  least  one 
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Table  11, 

Fraction  of  maneuver  types  having  statistically  worse  flight  performance. 
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variable  in  five  of  the  eight  (37.5  percent)  maneuvers.  Minimums  associated  with  worse 
performance  were  associated  with  the  100°F  temperature  in  1  of  23  (4.3  percent) 
variables  and  the  encumbered  l\/IOPP4  in  10  of  23  (43.5  percent)  variables.  Only  1  of 
23  (4.3  percent)  variables  exhibited  a  temperature  by  uniform  interaction  on  minimums. 

ANOVA  results  for  maximum  flight  performance  parameter  values  averaged  across 
only  those  iterations  of  each  maneuver  flown  with  ARCS  on  revealed  that  larger 
maximum  value  magnitudes  were  associated  with  the  100°F  temperature  for  zero  of 
eight  (0  percent)  maneuvers  and  the  encumbered  MOPP4  for  at  least  one  variable  in 
two  of  the  eight  (25  percent)  maneuvers.  Larger  magnitude  maximums  were 
associated  with  the  100°F  temperature  in  none  of  the  variables  and  the  encumbered 
MOPP4  in  2  of  25  (8  percent)  variables.  Only  1  of  25  (4  percent)  variables  exhibited  a 
temperature  by  uniform  interaction  on  maximums. 

ANOVA  results  for  minimum  flight  performance  parameter  values  averaged  across 
only  those  Iterations  of  each  maneuver  flown  with  ARCS  on  revealed  that  adverse 
effects  on  performance  were  associated  with  the  100°F  temperature  for  at  least  one 
variable  in  one  of  eight  (12.5  percent)  maneuvers  and  the  encumbered  MOPP4  for  at 
least  one  variable  in  four  of  the  eight  (50  percent)  maneuvers.  Minimums  associated 
with  worse  performance  were  associated  with  the  100°F  temperature  in  1  of  25  (4 
percent)  variables  and  the  encumbered  MOPP4  in  6  of  25  (24  percent)  variables.  None 
of  the  variables  exhibited  a  temperature  by  uniform  interaction  on  minimums. 

ANOVA  results  for  maximum  flight  performance  parameter  values  averaged  across 
only  those  iterations  of  each  maneuver  flown  with  ARCS  off  revealed  that  larger 
maximum  value  magnitudes  were  associated  with  the  100°F  temperature  for  one  of 
four  (25  percent)  maneuvers  and  the  encumbered  MOPP4  for  at  least  one  variable  in 
three  of  the  four  (75  percent)  maneuvers.  Larger  magnitude  maximums  were 
associated  with  the  100°F  temperature  in  1  of  15  (6.7  percent)  variables  and  the 
encumbered  MOPP4  in  4  of  15  (26.7  percent)  variables.  Only  1  of  15  (6.7  percent) 
variables  exhibited  a  temperature  by  uniform  interaction  on  maximums. 

ANOVA  results  for  minimum  flight  performance  parameter  values  averaged  across 
only  those  iterations  of  each  maneuver  flown  with  ARCS  off  revealed  that  adverse 
effects  on  performance  were  associated  with  the  100°F  temperature  for  at  least  one 
variable  in  one  of  four  (25  percent)  maneuvers  and  the  encumbered  MOPP4  for  at  least 
one  variable  in  four  of  the  four  (100  percent)  maneuvers.  Minimums  associated  with 
worse  performance  were  associated  with  the  100°F  temperature  in  1  of  15  (6.7  percent) 
variables  and  the  encumbered  MOPP4  in  6  of  15  (40  percent)  variables.  None  of  the 
variables  exhibited  a  temperature  by  uniform  interaction  on  minimums. 
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Correlations  between  flight  performance  scores  and  aviator  characteristics 

There  were  no  statistically  significant  correlations  having  magnitudes  greater  than 
0.64  between  average  composite  flight  scores  for  the  eight  types  of  flight  maneuvers 
(HOV,  HOVT,  SL,  LCT,  LDT,  RSRT,  NOE,  and  Contour)  and  personal  characteristics  of 
the  volunteer  aviators  (age,  height,  weight),  physical  or  heat  stress  training  (PFT 
scores,  heat  illness  prevention  training),  or  flight  hours  (total,  UH-60,  and  simulator). 
Sixteen  percent  of  the  correlations  reached  statistical  significance.  However,  these  had 
relatively  small  magnitudes  (between  0.35  and  0.64)  and  therefore  were  not  particularly 
useful.  Eighty-four  percent  of  the  correlations  between  the  variables  were  less  than 
0.35  in  magnitude  (appendix  H)  and  not  statistically  significant. 

Spectral  analysis  of  cyclic  and  collective  inputs 

Two  channels  of  data  for  cyclic  inputs  (longitudinal,  i.e.,  fore-aft  and  lateral,  i.e.,  left- 
right  pitch  deviation  in  degrees  from  a  reference  center-position)  and  one  channel  for 
collective  position  were  obtained  from  the  controls  of  right  seat  pilots  during  hover  and 
hover  turn  maneuvers.  The  sampling  rate  for  each  channel  was  10  per  second  (10  Hz), 
which  allowed  for  a  maximum  input  component  of  5  Hz  before  causing  aliasing  effects. 
Control  components  of  significant  magnitude  at  frequencies  greater  than  5  Hz  seemed 
unlikely,  although  no  references  regarding  this  issue  were  available  for  corroboration. 
Vibrations  transmitted  to  the  controls  from  various  mechanical  systems  in  the  simulator, 
particularly  the  seat  shaker  that  emulates  engine  and  rotor  vibration,  were  potential 
sources  of  higher  frequency  inputs  into  the  controls.  However,  the  power  spectra 
visually  had  a  smooth  exponential-like  decay  with  respect  to  increasing  frequency  that 
was  not  consistent  with  significant  aliasing  effects. 

Fast  Fourier  Transform  (FFT)  analysis  was  performed  on  the  cyclic  and  collective 
input  data  to  obtain  their  power  spectra.  Power  sum,  peak  power  frequency,  skewness 
of  the  power-frequency  distribution,  and  frequencies  for  10  percent,  50  percent  and  90 
percent  cumulative  power  were  then  obtained  from  the  FFT  results  for  each  of  the  four 
test  conditions  (appendix  E).  The  zero  frequency  (DC)  components,  which  represented 
control  channel  offsets,  was  excluded  in  calculating  spectral  results.  Flight  control  input 
data  for  the  first  three  right  seat  pilots  were  missing  due  to  an  inadvertent  delay  at  the 
beginning  of  the  study  in  initiating  the  software  for  these  data  acquisition  channels. 
Therefore,  six  right  seat  pilots  represented  the  effective  sample  size  for  the  spectral 
analysis.  Spectral  results  for  the  hover  and  hover  turns  were  averaged  across 
iterations  prior  to  hypothesis  testing. 

Tabular  results  for  cyclic  and  collective  inputs  during  the  hover  maneuver  (appendix 
H)  revealed  that  total  power  sums  were  much  greater  for  the  collective  input  channel, 
while  the  frequency  for  90  percent  cumulative  power  was  smaller  for  the  collective  than 
for  the  cyclic  channels.  This  corresponds  to  larger  but  slower  collective  inputs 
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compared  to  those  for  the  cyclic  or,  conversely,  smaller  but  more  rapid  cyclic  inputs 
compared  to  the  collective.  This  is  consistent  with  subjective  assessments  of  how 
these  controls  are  manipulated  during  routine  flight. 

Four-  and  two-way  ANOVAs  (appendix  E)  were  performed  on  the  power  spectra  from 
the  collective  and  two  cyclic  channels  for  the  hover  and  hover  turn  maneuvers.  The 
repeated  measures  factors  were  temperature,  uniform,  and  cumulative  power  levels 
(10,  50,  and  90  percent).  The  independent  multiple  variates  were  the  frequencies  at 
which  the  specified  cumulative  power  levels  were  attained  for  each  of  the  three  different 
control  channels.  For  the  hover  maneuver,  there  were  statistically  significant  effects 
with  respect  to  temperature  (p=0.0226),  uniform  (p=0.048),  and  their  interaction 
(p=0.0256).  However,  two-way  (temperature  and  uniform)  ANOVAs  per  data  channel 
and  power  band  revealed  a  significant  uniform  effect  (p=0.0277)  only  for  the  fore-aft 
cyclic  control  channel  for  the  90  percent  cumulative  power  frequency  and  a  temperature 
by  uniform  interaction  (p=0.0428)  for  the  10  percent  cumulative  power  frequency  for  the 
same  channel.  The  MANOVA  for  the  hover  turn  maneuver  indicated  marginal 
temperature  (p=0.0820)  and  uniform  (p=0.0688)  effects,  but  a  statistically  significant 
temperature  by  uniform  interaction  (p=0.0439).  However,  two-way  ANOVAs  on  the 
frequencies  for  the  percent  cumulative  power  for  each  data  channel  revealed  no 
significant  temperature,  uniform,  or  interaction  effects. 

Statistical  analysis  of  the  power  spectrum  of  cyclic  and  collective  inputs  during  hover 
and  hover  turns  indicated  statistically  significant,  but  poorly  localized,  effects  of  heat 
stress  and  MOPP4.  The  sample  size  (for  technical  reasons  explained  above)  for  this 
analysis,  however,  was  too  small  to  have  much  statistical  power  for  reliably  detecting 
small  differences  in  power  spectra  between  conditions. 

Simulator  incidents 

During  test  sessions,  pilot  induced  significant  simulator  incidents  were  recorded  on  a 
flight  incident  form  (appendix  I).  Incidents  that  were  tracked  included  main-rotor  and 
stabilator  strikes,  loss  of  control  at  altitude,  controlled  flight  into  terrain,  and  crashes 
during  hover  or  while  attempting  to  land.  The  enumeration  of  the  quantity  and  rates  of 
the  simulator  flight  incidents  is  delineated  in  appendix  D.  The  average  number  of  flight 
incidents  per  test  session  was:  2.9  for  ABDU-cool,  3.1  for  MOPP4-cool,  2.4  for  ABDU- 
hot,  and  0.89  for  MOPP4-hot.  Incident  rates  (number  per  hour)  were  calculated  to 
normalize  the  results  for  differences  in  simulator  endurance  times  across  the  four 
different  test  conditions.  Total  incidents  per  hour  were;  0.69  for  ABDU-cool,  0.75  for 
MOPP4-COOI,  0.61  for  ABDU-hot,  and  1.08  for  MOPP4-hot. 

However,  since  there  were  relatively  few  adverse  incidents,  this  resulted  in  low 
statistical  power  to  detect  significant  differences  across  the  test  conditions.  Standard 
deviations  for  the  flight  incidents  data  were  also  approximately  of  the  same  magnitude 
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as  the  mean  number  of  incidents  and  incident  rates.  Consistent  with  this  observation, 
two-way  repeated  measures  ANOVA  revealed  no  statistically  significant  differences 
across  the  test  conditions  for  either  cumulative  number,  or  rates,  of  flight  incidences. 

MATB 

Results  for  performance  on  the  computer-based  MATB  were  somewhat  mixed 
(appendix  F).  For  some  variables,  such  as  various  response  times  and  errors  for  the 
communications  task,  there  was  a  significant  interaction  effect  frequently  indicating 
paradoxically  better  performance  in  the  encumbered  MOPP4-hot  condition.  On  the 
other  hand,  keyboard  entry  times  for  responding  to  perceived  changes  in  lights  and 
dials  showed  a  significant  uniform  effect  with  worse  performance  in  the  MOPP4 
condition  (appendix  F).  RMS  tracking  error  also  showed  a  statistically  significant 
uniform  effect  (p=0.01 97).  RMS  tracking  error  was  60  percent  greater  while  wearing 
the  encumbered  MOPP4  ensemble.  Temperature  was  a  solitary  factor  for  time  out  and 
false  alarm  errors  for  lights  and  dials,  with  more  errors  in  the  hot  condition  (p=0.342). 

First  order  correlations  between  mean  MATB  performance  variables  (averaged 
across  iterations  for  each  test  session)  and  average  composite  flight  scores  for  each 
flight  maneuver  or  flight  mode  (also  averaged  across  iterations  per  test  session)  are 
presented  in  appendix  H.  The  definitions  for  the  MATB  variables  are  provided  in 
appendix  H. 

Correlations  between  MATB  results  and  ACSs  for  the  different  maneuvers  revealed 
no  consistent  pattern  of  correlations  across  test  conditions.  The  scattered  nature  of  the 
correlations  that  reached  statistical  significance  was  more  indicative  of  the  effects  of 
chance  or  random  fluctuations  in  unmeasured  parameters  rather  than  true  associations. 
For  this  study,  none  of  the  MATB  performance  variables,  taken  individually  within  test 
conditions,  were  good  predictors  of  flight  performance  as  measured  by  composite 
scores. 


Task  load  index  questionnaire 

To  evaluate  for  possible  differences  in  responses  to  the  six  TLX  questions  across  the 
different  test  conditions,  two-way  (temperature  and  uniform  as  within  test  subject 
factors)  ANOVAs  were  performed  with  task  (flying  the  set  of  standard  maneuvers 
versus  performing  the  MATB)  as  a  between  subjects  factor.  The  results  are  depicted  in 
appendix  G.  There  was  a  significant  (p=0.044)  interaction  between  task,  temperature, 
and  uniform  for  physical  demand.  Consistent  with  significant  main  effects  for 
temperature  (p=0.0001)  and  uniform  (p=0.005),  the  mean  responses  showed  that 
physical  demand  ratings  were  higher  for  both  tasks  in  the  hot  condition  and  while 
wearing  the  encumbered  MOPP4  ensemble.  The  perception  of  greater  physical 
workload  in  the  encumbered  MOPP4  ensemble  was  exacerbated  by  heat  stress. 
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Mental  demand  ratings  exhibited  only  temperature  (p=0.04)  and  uniform  (p=0.16) 
effects.  Significantly  higher  mental  demand  ratings  occurred  for  the  hot  and  MOPP4 
conditions.  Temporal  demand  ratings  differed  only  with  respect  to  uniform  (p=0.008), 
with  the  higher  ratings  for  the  MOPP4  uniform.  Performance  ratings  did  not  differ 
statistically  across  the  levels  of  temperature,  uniform,  or  task.  Effort  ratings  also 
showed  only  temperature  (p=0.033)  and  uniform  (p=0.002)  effects  with  greater 
subjective  effort  required  in  the  hot  and  MOPP4  conditions.  Frustration  ratings  were 
significantly  (p=0.028)  greater  while  wearing  the  encumbered  MOPP4  ensemble. 

There  was  also  a  task-temperature  interaction  due  to  greater  frustration  ratings, 
averaged  across  uniforms,  for  flying  the  set  of  standard  maneuvers  compared  to  the 
MATB  in  the  hot  condition,  whereas  flying  was  less  frustrating  than  the  MATB  in  the 
cool  condition. 

Multiple  correlations  between  the  responses  for  the  six  TLX  questions  and  the  ACSs 
were  performed  for  each  of  the  four  test  conditions  and  the  eight  types  of  flight 
maneuvers  (appendix  H).  For  each  condition,  only  1  or  2  of  the  48  cross  correlations 
(TLX  by  ACS)  were  both  statistically  significant  and  greater  in  magnitude  than  0.6.  The 
location  of  those  significant  cross-correlations  in  the  correlation  matrix  differed  between 
test  conditions. 


Discussion 


Aircrews  wearing  the  encumbered  MOPP4  BDO  over  ABDU  aviator  uniform  in  the 
hot  condition  incurred  significantly  more  physiological  and  psychological  strain  as 
reflected  in  the  dramatically  elevated  core  temperature  and  heart  rate  profiles  described 
in  detail  in  a  previous  technical  report  (Reardon,  et  al.,  1996).  The  responses  to  the 
mood  and  symptoms  and  profile  of  mood  states  questionnaires  indicated  significantly 
increased  discomfort  and  stress  for  that  condition.  The  TLX  responses  revealed 
increased  perceived  workload. 

The  existence  of  a  statistically  significant  overall  effect  of  temperature  and  uniform 
type  on  flight  performance  was  confirmed  by  an  ANOVA  on  the  average  composite 
flight  performance  scores.  Subsequent  ANOVA  analysis  on  individual  flight 
performance  parameters  reaffirmed  the  adverse  effects  of  hot  (100°F)  cockpit 
conditions  and  the  encumbered  MOPP4  aviator  uniform  on  flight  performance.  With 
few  exceptions,  the  direction  of  flight  performance  parameter  changes  for  the  MOPP4- 
hot  condition  was  consistently  in  the  direction  of  worse  performance. 
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UH-60  simulator  flight  performance 


The  encumbered  MOPP4  ensemble  adversely  affected  the  greatest  number  of  flight 
performance  parameters.  The  hot  temperature  condition  was  second  in  the  number  of 
flight  performance  parameters  adversely  affected.  Less  frequent  was  adverse 
performance  due  to  the  simultaneous  effects  of  MOPP4  and  hot  conditions,  as  well  as 
temperature  by  uniform  Interactions.  The  pattern  of  factor  effects  was  consistently 
maintained  regardless  of  whether  differences  in  flight  performance,  across  the  two 
temperature  and  uniform  conditions,  were  analyzed  as  scores,  RMSEs,  maximums,  or 
minimums.  Flight  parameter  performance  scores  seemed  to  be  slightly  more  sensitive 
indicators  of  differences  in  pilot  performance  across  conditions  than  RMSE,  maximum, 
or  minimum  values. 

Composite  flight  performance  scores  were  significantly  decremented  during  UH-60 
simulator  flights  in  the  MOPP4-hot  condition.  When  averaged  across  flight  segments 
flown  with  AFCS  on  and  off,  composite  flight  performance  scores  were  adversely 
affected  in  62.6  percent  of  the  eight  types  of  maneuvers.  For  only  the  segments  where 
the  AFCS  was  on,  the  average  composite  flight  performance  score  was  decreased  in 
37.5  percent  of  the  eight  maneuver  types. 

Evaluation  of  the  various  measures  of  flight  performance  clearly  indicated  significant 
adverse  effects  on  pilot  performance  in  the  UH-60  simulator  in  the  hot  condition  and 
while  wearing  the  encumbered  MOPP4  flight  uniform.  However,  the  average  number 
and  rates  of  simulator  incidents  (crashes,  rotor  and  tail  strikes,  and  loss  of  control)  were 
not  statistically  worse  for  the  hot  or  MOPP4  conditions. 

The  significant  number  of  flight  variables  adversely  affected  by  wearing  the  MOPP4 
ensemble  and  heat  stress  were  in  marked  contrast  to  the  negative  results  reported  by 
Hamilton  et  al.  (1 982)  for  a  UH-1  in-flight  evaluation  of  the  effects  of  heat  stress  and 
standard  versus  several  MOPP4  aviator  uniforms.  However,  that  in-flight  study  had 
greater  data  variance  due  to  inability  to  fully  control  in-flight  environmental  conditions 
such  as  day  to  day  variations  in  turbulence  and  other  meteorological  effects  on  aircraft 
controllability  and  performance.  Our  laboratory-based  evaluation  and  use  of  an 
environmentally  controlled  UH-60  aircraft  gave  us  greater  statistical  power  to  detect 
differences  across  conditions. 

This  study  was  similar  to  that  reported  by  Thornton  et  al.  in  1992.  Thornton  used  the 
environmentally  controlled  UH-60  simulator  to  evaluate  the  standard  one-piece  Nomex 
aviator  uniform  and  the  MOPP4  AUIB  ensemble  in  hot  (WBGT  =  29.4°C  or  85°F)  and 
cool  (WBGT  =  16.8°C  or  62.24°F)  conditions  with  and  without  microclimate  cooling  (in 
the  hot  condition).  Numerous  flight  performance  parameters  were  adversely  affected  in 
the  hot  condition  and  while  wearing  MOPP4.  The  parameters  most  frequently  affected 
were  (from  most  to  least  frequent)  heading,  airspeed,  roll,  altitude,  rate  of  turn,  vertical 


41 


speed,  and  slip.  For  this  study,  the  most  frequently  affected  flight  performance 
parameters  for  flight  segments  with  AFCS  on  were  altitude,  heading,  and  roll.  With 
AFCS  off,  the  most  frequently  affected  parameters  by  heat  stress  and  MOPP4  were 
climb/descent  rates,  airspeed,  and  altitude.  However,  results  from  this  study  are  not 
exactly  comparable  with  Thornton’s  results  because  of  the  considerable  differences  in 
uniforms,  cockpit  temperatures,  and  flight  profiles  across  the  two  studies. 

Spectral  analysis  of  cyclic  and  collective  input  data  for  the  hovers  and  hover  turns 
was  performed  and  revealed  significant  differences  in  control  input  power  spectra  with 
respect  to  iteration,  uniform,  temperature  and  uniform,  as  well  as  their  interaction.  The 
power  spectra  for  cyclic  and  collective  inputs  for  the  hover  turn  only  showed  a 
temperature-uniform  interaction.  Further  analysis  of  the  spectral  results,  however,  will 
need  to  be  performed  to  determine  the  practical  significance  of  the  spectral  differences 
across  conditions. 


TLX  questionnaire 

Composite  TLX  questionnaire  results  indicated  that  flying  the  simulator  and 
performing  the  MATB  tests  were  both  perceived  as  more  physically  and  mentally 
demanding,  required  more  effort,  and  caused  greater  frustration  in  the  MOPP4-hot 
condition  than  during  the  other  three  less  stressful  conditions.  For  the  responses  taken 
collectively,  the  effects  of  uniform  (encumbered  MOPP4  associated  with  higher  ratings) 
had  significant  and  adverse  effects  on  five  of  the  six  TLX  work  load  ratings. 
Temperature  alone  had  a  significant  and  adverse  effect  on  three  of  the  six  ratings. 

Type  of  task  as  an  interaction  factor  influenced  only  two  of  six  ratings.  Correlations 
between  composite  flight  performance  scores  and  TLX  questionnaire  responses 
indicated  no  significant  linear  relationship  between  subjective  work  load  ratings  and 
flight  performance  scores  for  any  of  the  maneuvers  or  modes  of  flight. 

MATB 

Although  the  MOPP4  ensemble  was  associated  with  reduced  performance  on  the 
MATB  visual  monitoring  and  tracking  tasks,  MATB  performance  did  not  correlate 
consistently  with  flight  performance  scores.  These  results,  therefore,  do  not  appear  to 
support  the  use  of  the  MATB  as  a  predictor  of  flight  performance  or  its  use  as  a 
surrogate  for  simulator-based  evaluation  of  the  effects  of  heat  stress  and  different  types 
of  aviator  uniforms  on  flight  performance.  On  the  other  hand,  this  study  was  not 
designed  specifically  to  define  or  validate  predictive  relationships  between  the  MATB 
and  UH-60  simulator  flight  performance.  For  example,  although  the  MATB  tracks 
reaction  times  as  well  as  detection  failures  and  false  alarms  for  the  simulated  warning 
lights  and  dials  subtask,  a  corresponding  method  for  capturing  similar  stimuli  and 
responses  for  the  pilots  flying  the  simulator  was  not  incorporated.  That  is,  data  were 
not  collected  on  the  effects  of  heat  stress  and  MOPP4  on  responsivity  to  visual 
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detection  of  changes  in  actual  cockpit  instruments  nor  for  simulated  radio  transmissions 
and  radio  frequency  changes  for  the  actual  radios  in  the  simulator.  That  would  have 
entailed  an  additional  experiment.  Therefore,  the  extent  to  which  the  MATB  can  predict 
performance  in  the  UH-60  simulator  for  a  similar  range  of  tasks  was  not  really  resolved 
in  this  study. 


Conclusions 


The  preponderance  and  consistency  of  the  statistically  significant  flight  performance 
results  indicated  that  heat  stress  and  the  encumbered  MOPP4  ensemble  adversely 
affected  pilot  endurance  and  performance  in  the  UH-60  simulator.  The  encumbered 
MOPP4  ensemble  was  the  most  frequent  cause  of  decrements  in  flight  performance. 
Next  in  frequency  of  adverse  effects  was  heat  stress,  followed  by  the  interaction  effects 
of  both  heat  stress  and  the  encumbered  MOPP4  uniform.  The  operational  significance 
of  the  flight  performance  decrements  alone,  however,  is  uncertain  since  neither  heat 
stress  nor  the  encumbered  MOPP4  ensemble  were  associated  with  higher  rates  of 
simulator  crashes  or  other  potentially  catastrophic  in-flight  incidents.  Nevertheless,  as 
detailed  in  a  preceding  technical  report  (Reardon  et  al.  1996)  on  the  physiological  and 
psychological  results,  the  effects  of  wearing  the  encumbered  MOPP4  flight  uniform  in 
the  hot  condition  caused  large  increases  in  core  and  skin  temperatures,  heart  rates, 
sweat  rates,  and  increases  in  perceived  workload  and  symptoms  of  discomfort  and 
stress. 

Mission  completion  rates  were  zero  in  the  MOPP4-hot  condition  because  of  the 
severe  physiological  and  psychological  strain  that  occurred  within  2  hours  of  exposure. 
Endurance  times  in  that  condition  were  most  frequently  limited  by  having  reached 
safety  restrictions  for  core  temperature  and  heart  rate.  Some  crews  could  probably 
have  continued  for  a  limited  time  longer  after  reaching  the  safety  limits.  However,  it  is 
likely  that  without  the  safety  limits,  they  eventually  would  have  succumbed  to  severe 
heat  exhaustion  or  heat  stroke.  On  the  other  hand,  it  is  also  plausible  that  in  an 
operational  setting,  the  pilots  would  have  actually  had  lower  endurance  times  in 
MOPP4-hot  conditions  if  the  study  conditions  inadvertently  provided  artificially  elevated 
levels  of  motivation.  Likewise,  in  actual  aircraft,  the  crews  might  have  discontinued  the 
missions  sooner  because  of  concerns  about  the  effects  of  heat  stress  on  the  risk  of 
crashing  and  the  possibility  of  severe  consequences  to  themselves  and  their 
passengers. 

Performance  on  the  MATB  computer  test  also  revealed  performance  decrements 
associated  with  cockpit  heat  stress  and  wearing  the  encumbered  MOPP4  ensemble. 
Reaction  times  and  errors  for  detecting  and  responding  to  changes  in  simulated 
warning  lights  and  strip  gauges  and  RMSE  for  target  tracking  were  significantly  worse  in 
the  hot  and  MOPP4  conditions.  However,  it  was  not  possible  to  fully  and  fairly  compare 
MATB  and  simulator  performance  results  because  this  study  was  not  designed  or  able 
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to  capture  similar  data  for  responses  to  changes  in  lights  and  dials  for  the  actual  cockpit 
instrument  panel.  It  will  require  a  separate  study  to  validate  all  the  MATB  components 
with  respect  to  similar  tasks  in  the  UH-60  simulator. 

There  were  no  consistent,  statistically  significant,  correlations  between  flight 
performance  scores  or  MATB  performance  measures  and  test  subject  characteristics 
such  as  age,  morphology,  flight  history,  physical  training  test  performance,  and  amount 
of  heat  stress  training.  Likewise,  there  were  no  consistent  correlations  between  flight 
performance  scores  and  MATB  results  or  between  flight  performance  scores  and  TLX 
questionnaire  ratings  within  conditions.  The  average  responses  for  most  of  the  TLX 
questions,  however,  were  significantly  different  with  respect  to  the  two  temperature  and 
uniform  conditions  with  higher  workload  ratings  for  the  hot  and  encumbered  MOPP4 
conditions.  There  were  no  significant  differences  in  workload  ratings  between  flying  the 
set  of  standard  maneuvers  and  the  MATB  performance  test. 
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Table  A-1  (continued^ 
Air  assault  scenario. 
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Table  A-2  (continued). 
MEDEVAC  scenario. 


Appendix  B.  Test  subject  demographics. 
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Table  B-1. 
Demographics. 
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Appendix  C.  Flight  performance  tables 
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Table  C-3. 
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• 

1.49 

. 

9.24 

RIGHT  STANDARD  RATE  TURN 

32.17 

2.31 

- 

- 

3.45 

0.52 

STRAIGHT  AND  LEVEL 

40.64 

2.39 

1.67 

• 

2.02 

0.34 

• 

LEFT  CLIMBING  TURN 

• 

3.41 

251.58 

• 

• 

. 

1.00 

1.00 

LEFT  DESCENDING  TURN 

• 

2.80 

233.28 

- 

• 

• 

0.75 

1,20 

MOPP4  -  70*F 

alt 

asp 

cli 

hde 

ral 

rol 

sip 

trn 

CONTOUR 

- 

• 

3.18 

50,11 

2.76 

0.57 

NAP  OF  EARTH 

- 

• 

5.60 

41.08 

4.61 

0.71 

HOVER 

- 

• 

1.83 

2.03 

. 

. 

HOVER  TURN 

• 

- 

- 

1.92 

- 

9.43 

RIGHT  STANDARD  RATE  TURN 

34.70 

2.31 

• 

• 

3.41 

- 

0.53 

STRAIGHT  AND  LEVEL 

44.38 

2.73 

1.83 

• 

2.05 

0.52 

. 

LEFT  CLIMBING  TURN 

• 

3.44 

246.98 

- 

- 

. 

1.14 

1.00 

LEFT  DESCENDING  TURN 

• 

3.34 

256.00 

• 

- 

• 

0.72 

1.09 

MOPPO  -  100-F 

alt 

asp 

cli 

hde 

ral 

rol 

sip 

trn 

CONTOUR 

• 

• 

3.04 

46.07 

2.93 

0.58 

. 

NAP  OF  EARTH 

• 

* 

4.15 

39.42 

4.81 

0.71 

- 

HOVER 

• 

- 

1.43 

1.40 

. 

* 

HOVER  TURN 

• 

• 

* 

1.41 

• 

. 

9.37 

RIGHT  STANDARD  RATE  TURN 

35.80 

2.27 

• 

- 

3.70 

. 

0.64 

STRAIGHT  AND  LEVEL 

34.81 

2.42 

1.63 

• 

2.06 

0.30 

. 

LEFT  CLIMBING  TURN 

3.20 

234.87 

• 

* 

. 

0.98 

1.03 

LEFT  DESCENDING  TURN 

• 

2.86 

232.86 

• 

• 

• 

0.75 

1.02 

MOPP4-100*F 

alt 

asp 

cli 

hde 

ral 

rol 

sip 

trn 

CONTOUR 

• 

* 

5.22 

49.90 

3.65 

0.56 

NAP  OF  EARTH 

* 

• 

5.29 

53.29 

5.01 

0.67 

* 

HOVER 

- 

• 

1.67 

2.72 

. 

. 

- 

HOVER  TURN 

* 

• 

• 

1.91 

. 

9.98 

RIGHT  STANDARD  RATE  TURN 

59.72 

2.85 

• 

* 

4.59 

. 

0.77 

STRAIGHT  AND  LEVEL 

55.19 

3.44 

2.32 

- 

2.56 

0.63 

. 

LEFT  CLIMBING  TURN 

• 

4.32 

290.19 

• 

• 

. 

1.14 

1.09 

LEFT  DESCENDING  TURN 

• 

4.18 

310.89 

- 

- 

- 

0.93 

1.06 

Root  Mean  Squared  Error  not  determined  for  these  parameters 
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Table  C-8. 

Root  mean  squared  error.  Trim  off. 


Parameter 

Moppo-TO'F  alt  asp  cll  hde  rol  sip  trn 

RIGHT  STANDARD  RATE  TURN 

STRAIGHT  AND  LEVEL 

LEFT  CUMBING  TURN 

LEFT  DESCENDING  TURN 

38.66 

2.72 

* 

* 

3.81 

* 

0.69 

53,53 

2.91 

. 

1.75 

2.56 

0.53 

* 

* 

3.91 

294.97 

* 

* 

1.16 

1.00 

* 

3.34 

281.06 

* 

* 

1.34 

1.22 

MOPP4-70*F 

alt 

asp  cli  hde  rol  sip  tm 

RIGHT  STANDARD  RATE  TURN 

STRAIGHT  AND  LEVEL 

LEFT  CUMBING  TURN 

LEFT  DESCENDING  TURN 

MOPPO-100^ 

43.38 

2.88 

* 

* 

3.63 

* 

0.59 

59.31 

3.16 

2.06 

2.66 

0.94 

* 

* 

4.09 

306.34 

• 

* 

1.41 

1.03 

* 

4.47 

332.22 

* 

* 

1.34 

1.19 

alt  asp 

cli  hde 

rol  sip  tm 

RIGHT  STANDARD  RATE  TURN 

STRAIGHT  AND  LEVEL 

LEFT  CUMBING  TURN 

LEFT  DESCENDING  TURN 

MOPP4  - 100^ 

43.13 

2.52 

* 

4.62 

* 

0.76 

43.34 

2.94 

* 

1.66 

2.69 

0.47 

• 

* 

3.88 

290.69 

* 

* 

1.09 

1.03 

• 

3.44 

293.38 

* 

* 

1.41 

1.09 

alt  asp  cil  hde  rol  sip  tm 

RIGHT  STANDARD  RATE  TURN 

STRAIGHT  AND  LEVEL 

LEFT  CUMBING  TURN 

LEFT  DESCENDING  TURN 

83.31 

3.88 

* 

5.06 

* 

0.81 

60.25 

4.06 

• 

2.56 

3.69 

- 

* 

5.94 

374.06 

* 

* 

* 

6.25 

420.19 

* 

* 

isB 

*  Root  Mean  Squared  Error  not  determined  for  these  parameters 
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Table  C-9. 

Root  mean  squared  error  -  Trim  on. 


Parameter 

MOPP0-70’F 

alt 

asp 

cli  hde  ral 

rol 

sip 

trn 

CONTOUR 
NAP  OF  EARTH 
HOVER 
HOVER  TURN 

RIGHT  STANDARD  RATE  TURN 
STRAIGHT  AND  LEVEL 
LEFT  CLIMBING  TURN 
LEFT  DESCENDING  TURN 


CONTOUR 

* 

* 

* 

NAP  OF  EARTH 

• 

* 

HOVER 

* 

* 

HOVER TURN 

♦ 

* 

* 

RIGHT  STANDARD  RATE  TURN 

26.03 

1.75 

* 

STRAIGHT  AND  LEVEL 

29.44 

2.31 

* 

LEFT  CLIMBING  TURN 

2.78 

187.63 

LEFT  DESCENDING  TURN 

2.22 

179.78 

MOPPO  -  100T 

1 

alt 

asp 

cli 

CONTOUR 
NAP  OF  EARTH 
HOVER 
HOVER  TURN 

RIGHT  STANDARD  RATE  TURN 
STRAIGHT  AND  LEVEL 
LEFT  CLIMBING  TURN 
LEFT  DESCENDING  TURN 


CONTOUR 
NAP  OF  EARTH 
HOVER 
HOVER  TURN 

RIGHT  STANDARD  RATE  TURN 
STRAIGHT  AND  LEVEL 
LEFT  CLIMBING  TURN 
LEFT  DESCENDING  TURN 


3.18 

50.11 

2.76 

0.57 

5.60 

41.08 

4.61 

0.71 

1.69 

2.22 

* 

* 

* 

2.00 

* 

ar 

* 

* 

3.19 

* 

1.59 

* 

1.44 

0.09 

* 

* 

0.88 

H 

* 

« 

0.09 

* 

* 

♦ 

* 

- 

* 

* 

* 

* 

* 

* 

27.00 

1.53 

* 

26.28 

1.91 

* 

• 

2.53 

177.53 

* 

2.28 

172.34 

alt 

asp 

cli 

hde 

ral 

rol 

3.04 

46.07 

2.93 

4.15 

39.42 

4.81 

1.50 

1.39 

* 

* 

1.33 

* 

3.53 

1.59 

* 

1.44 

* 

« 

* 

* 

hde  ral 

5.22  49.90 

5.29  53.29 


ral  rol 

49.90  1  3.65 


« 

* 

♦ 

* 

2.28 

»  * 

10.22 

36.13 

1.88 

* 

* 

* 

4.13 

0.75 

48.13 

2.81 

• 

2.06 

* 

1.69  0.19 

• 

* 

2.75 

214.44 

* 

* 

*  0.88 

1.06 

* 

2.25 

212.06 

* 

* 

*  0.25 

0.88 

*  Root  Mean  Squared  Error  not  determined  for  these  parameters 
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MEAN  SIMULATOR  FLIGHT  PERFORMANCE  VALUES  BY  MANEUVER  MAIN  EFFECTS  INTERACTION 

_ _ _ _ _  TEMPERATURE  _ UNIFORM _ TEMPERATURE  X  UNIFORM 

AMETERl  NUMTSs  r  aWu.70*F  |  MOPP4. 70'F  |  ABDU^IOOT  |  MOPP4.'i00^  “fVALUE  |  P  VALUE  |  F  VALUE  |  P  VALUE  F  VALUE  I  P  VALUE 
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!36.13 _ 228.7& _ 200^ _ 18.18  0;Da2T  3.98 _ 0.0812 

10.11 _  1022 _ IM? _ 0J3 _ 0.4879 _ 172 _ 0  2267 

1.07 _ 125 _ 120 _ 024 _ 0.6369 _ 174 _ 0.2236 
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114.66 _ 113.69  115.72 _ llO-ll _  0.5121  5.06  0.0592  1.19  0.3113 

-4.44 _ -4.81  _  -4.86 _ ^.06  _  _7.74  : :  0.02721  8.91  O.02O4.  1.50  0.2598 

-905.22 _ -996.22 _ -915.03 _ tO®  0.3Z25  7.25  0,0310  0.12  0.7419 

-2.06 _ -2.53 _ -2;41 _ -2.94 _ 3.36  0.1095  6.31  0.0403  0.03  0.8679 
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[CONTOUR 


Table 
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Appendix  D.  Flight  performance  charts. 
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Table  D-1. 

Time  weighted  simulator  incident  rates. 


KNOTS 


DEGREES 

(neg  U  indicates  slip  to 


FEET  PER  MINUTE 
(neg  #  Indicates  descent) 


FEET  ABOVE  GROUND  LEVEL 


(ncg  n  indicates  slip  (o  left) 


Appendix  E.  Spectral  analysis  of  cyclic  and  collective  inputs. 
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Table  E-1. 

Four-way  ANOVA  for  hover  and  hover  turn  -  FFT 


Effect 


Controls 

Percent 

Temperature 

Uniform 

Controls  and  Percent 
Control  and  Temperature 
Percent  and  Temperature 
Control  and  Uniform 
Percent  and  Uniform 
Temperature  and  Uniform 


Hover 

Summary  of  All  Effects 


df  MS  df  MS 

Effect  Effect  Error 


p-level 


0,0618 


0.5308  0.6075 

2.6607^^^^ 

0.9818'  0.3778 


Effect 


Controls 

Percent 

Temperature 

Uniform 

Controls  and  Percent 
Control  and  Temperature 
Percent  and  Temperature 
Control  and  Uniform 
Percent  and  Uniform 
Temperature  and  Uniform 


Hover  Turn 

Summary  of  All  Effects 

df  MS  df 
Effect  Effect  Error 


MS 

Error 


p-level 


0.0141 

4 

0,0207 

0.6791 

0.4562 

0.0852 

4 

0.0316 

2.6999 

0.1757 

0.0009 

8 

0.0150 

0.0576 

0.9444 

0.0133 

8 

0.0168 

0.7908 

0.4860 

0.0434 

8 

0.0562 

0.7735 

0.4931 

0.0544 

8 

0.0241 

2.2582 

0.1669 

0.0022 

4 

0,0494 

0.0440 

0.8442 
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Frequency  Frequency 


GuimiUtfive 


Table  E-7. 

Spectral  analysis  results  -  Skew. 


Skew  For  CYCLIC  -  FA,  HOVT 


Skew  For  CYCLIC  -  FB,  HOVT 


COOL  COOL  HOT  HOT 


Skew  for  CYCLIC  -  FA,  HOV 


M0PP4 

-HOT 


3.5y^ 


Skew  for  CYCLIC  -  FB,  HOV 


MOPP4 

-HOT 
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Table  E-8. 

Spectral  analysis  results  -  Frequency  band. 


Frequency  Band  For  CYCLIC  -  FA,  HOVT 


MOPPO,  MOPP4,  MOPPO,  MOPP4, 
COOL  COOL  HOT  HOT 


Frequency  Band  For  CYCLIC  -  FB,  HOVT 


Frequency  Band  for  CYCLIC  -  FA,  HOV 


MOPPO  MOPP4  MOPPO  MOPP4 
-COOL  -COOL  -HOT  -HOT 


Frequency  band  for  CYCLIC  -  FB,  HOV 


Frequency  Band  for  COLLECTIVE,  HOV 


MOPPO  -  MOPP4  -  MOPPO  -  MOPP4  - 
COOL  COOL  HOT  HOT 
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Appendix  F.  MATB  performance  and  scripts 
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MATB:  Performance  on  the  tracking  and  fuel  management  tasks 


MATB  Warning  Lights  &  Gauges  Monitoring  Task 
Performance  Differences  Vs  ABDU  +  70“F  Condition 

I  liMOPP4+70F  BABDU+100F  ■MOPP4+100F  I 


Table  F-2. 

MATE:  Performance  on  the  tracking  and  fuel  management  tasks. 


MATB  TrackingTask  (RMS  error) 
Performance  Differences  Vs  ABDU  +  70**F  Condition 


MOPP4+70F  ^ABDU+100F  ■MOPP4+100F 


MATB  Fuei  Management  Task 
Performance  Differences  Vs  ABDU  +  TO^F  Condition 

@MOPP4+70F  ^ABDU+100F  ■MOPP4+100F 


Repeated  measures  ANOVA  results  for  multi-attribute  task  battery. 


MATB  scripts. 

Parameters;  0  00  manual  ’2  mon/min,  track  med,  1  msg/I  min  w/.7  ownship. _ 

^  ^  um»tc»te;  ^amon^iiitii  .7  monMoHogtatte  pwminutr>tmck  med  1  bvwnehl 
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more  than  2  units  up  or  down  from  the  midpoint  Communication  task:  simulated  ATC  command  for 

user  must  detect  and  enter  the  appropriate  keyboard  response  another  (y)  aircraft;  user  shouid  ignore. 


Appendix  G.  TLX  questionnaire. 
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Table  G-2. 

Tlx  ratings  across  task. 


TLX  Ratings  (Standard  Maneuvers) 


TLX  Ratings  (MATE) 


9 


Appendix  H.  Correlation  tables 
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Correlations  of  ACS  and  aviator  demographics. 
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ACS  NOE  -0.2949  0.2824  0.3277  -0.2941  0.0085  -0.1961  -0.0902  -0.0277  -0.1936  0.0104 

ACS  CONTOUR  -0.3537  0.3254  0.2596  -0.3314  0.0506  -0.2881  -0.1738  -0.0065  -0.4550  -0.0101 

ACS  HOVER  0.1085  -0.2819  -0.3293  0.0234  -0.1199  -0.0400  0.0228  0.0977  0.1743  -0.1689 


Table  H-2. 

Correlations  of  flight  data:  ACS  scores  and  aviator  demographics-divided  by  condition. 
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Table  H-3. 

Correlations  of  TLX  questionnaire  data  vs.  ACS  scores  across  all  conditions. 
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M0PP4,  70-F 

Marked  correlations  are  significant  at  p  <  .05000 


Table  H-5. 

Correlations  of  flight  data:  ACS  scores  vs.  MATS  in  all  conditions. 
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Table  H-7. 

MATS  variable  description. 


Mean  response  time  for  correct  responses: : 

Standa^  deviation  for  correct  responsejs 

W'li'iMhM 

^  Mean  overall  r^ponse  time 

X  ^  deviation  for  overail  resppdti^  : 

Total  number  of  errors  :  , 

Othership  false  aiarms  ,  ' 

Othership  accuracy  errors ; 

COMYIG 

.  Otheiship  messages  correctly  ignmed 

Accuracy  errors 

Time  out  errors 

:l®  "iifeilSilniiiiainidiiiiire 

Repeated  enters  '  " /'XP"'-,:  xix  ■ . : 

Mean  response  time  for  Oghfo  .. 

Mean  response  time  for  diate; 

MOMRT 

Mean  rehouse  time  for  lights  and  diais  .  . 

..  Standard  deviation  for  lights 

DLSSD  . 

Standard  deviation  for  dials 

MONSD 

Standard  deviation  for  lights  and  dials 

Time  out  errors  for  lights 

DLSIO 

Time  out  error  for  dials 

— '.irmi'iiM 

Time  out  errors  for  lights  and  dials 

False  alarm  errors  for  lights 

DLSFA 

False  alarm  errors  for  dials 

MQNEA 

Fatee  alarm  errors  for  lights  and  dUals  . 

LTSER.: 

Time  out  and  false  alarm  errors  for  lights 

DLSER: 

Time  out  and  false  alarm  errors  for  dials 

MONER  i  . 

Tbtidic^  and  false  alarm  errors  for  lights land  dials  ; :  >  1 

Mem  Solute  deviation  of  tanks  A  and  B  from  2900 

■HTiTnTiTjni 

Mean  of  tank  A 

1  TNKBMN 

Mean ’Of  tank  B,  :  '' /L:--- . 

Root  mean  square 
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Appendix  I.  Data  collection  forms  and  procedures. 
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SIMULATOR  FLIGHT  INCIDENTS 

Today's  Date; _  Cockpit  Temp: _ °F  Humidity: _  Uniform: 
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TASK  LOAD  INDEX  QUESTIONNAIRE 
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data  entered  on  template  in  correct  TLX  scale 


MAT-B  PROCEDURE 


1 .  If  computer  is  off,  turn  the  monitor  on  in  the  back. 

2.  Set  the  new  date  by  typing  in:  Date.  Press  enter.  A  date  prompt  will  come  on  the 
screen.  Here  is  an  example  of  a  date  prompt:  Thu  2-06-96.  If  the  date  is  correct,  press 
enter.  If  the  date  is  incorrect,  enter  the  correct  date  by  typing  the  two  digit  month 
followed  by  the  two  digit  day  followed  by  the  two  digit  year  (mmddyy).  Press  enter. 

3.  Set  the  new  time  by  typing  in:  Time.  Press  enter.  A  time  prompt  will  come  on  the 
screen.  Here  is  an  example  of  a  time  prompt:  14:31.  If  the  time  is  correct,  press  enter.  If 
the  time  is  incorrect,  enter  the  correct  military  time.  Press  enter. 

Caution:  It  is  very  important  that  the  correct  date  and  time  is  set  and  that  you  make  a 
note  of  it ,  because  your  test  scores  data  will  be  filed  imder  these  criterea. 

4.  Select  Matsb  at  the  C:\.  You  may  do  so  by  scrolling  through  the  menu  with  the  arrows 
on  the  keypad  .  Press  enter  when  Matsb  is  highlighted. 

5.  Select  Matload  bat  in  the  same  manner  as  the  previous  step. 

6.  A  menu  will  now  appear  on  the  monitor.  Use  the  arrow  to  scroll  down  to  the  heading 
“script  file”.  The  setting  should  be  at  10mmed.DBT.  Press  enter.  If  it  is  not  use  the 
arrows  to  scroll  through  the  menu  and  highlight  the  appropriate  selection.  Caution:  Be 
sure  to  return  the  setting  to  that  which  was  displayed  when  you  first  entered  the  system, 
before  exiting  from  the  system  after  completion  of  your  test. 

7.  Select  the  heading  “Begin  Task,  Normal  Version”,  using  the  arrow.  Press  enter. 

8.  The  Mat-b  will  now  appear  on  the  screen. 

9.  The  test  will  run  for  five  minutes,  and  at  the  conclusion  of  the  test  a  prompt  telling  you 
that  the  test  is  over  will  appear  on  the  screen. 

10.  To  download  your  test  information  onto  a  disk,  highlight  the  your  five  files  with  the 
advance  key.  Caution:  Make  sure  that  you  only  highlight  those  files  which  are  yours, 
use  the  date  and  time  to  properly  identify  them. 

1 1 .  Use  the  F6  key  to  copy/remove  the  files. 

12.  Change  the  C:  to  b:  to  switch  to  the  b  drive.  Press  enter. 
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Appendix  J.  Manufacturers  and  product  information. 
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Digital  Equipment  Corporation  VAX  1 1/780  Computer 

110  Spit  Brook  Road 
Nashu,  NH  03062-2698 

Microsoft  Corporation  Microsoft  Office  Professional 

P.O.  Box  72368 

Roselle,  Illinois  66172-9900 

NASA  Multi-attribute  task  battery 

Langley  Research  Center 
Hampton,  Virginia  23665-5225 

SPSS,  Inc.  SPSS  statistical  software 

444  North  Michigan  Avenue 
Chicago,  Illinois  6061 1 

StatSoft  Statistica  software 

2325  East  13th  Street 
Tulsa,  Oklahoma  74104 

Vermont  Medical,  Inc.  ECG  pads 

Industrial  Park 

Bellows  Falls,  Vermont  05101-3122 

Yellow  Springs  Instrument  Company  Rectal  and  skin  thermistors 

P.O.  Box  279 

Yellow  Springs,  Ohio  45387 
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